**************** 




Disclosure to Promote the Right To Information 

Whereas the Parliament of India has set out to provide a practical regime of right to 
information for citizens to secure access to information under the control of public authorities, 
in order to promote transparency and accountability in the working of every public authority, 
and whereas the attached publication of the Bureau of Indian Standards is of particular interest 
to the public, particularly disadvantaged communities and those engaged in the pursuit of 
education and knowledge, the attached public safety standard is made available to promote the 
timely dissemination of this information in an accurate manner to the public. 




Mazdoor Kisan Shakti Sangathan 
"The Right to Information, The Right to Live'' 



IS 15382-1 (2003) : Insulation Coordination for Equipment 
within Low-Voltage Systems, Part 1: Principles, 
Requirements and Tests [ETD 19: High Voltage Engineering] 




Jawaharlal Nehru 
'Step Out From the Old to the New" 



aj^&vi iJii^s:y%K^ isb^^ni^seg 



:<>5&i| mT'5K^5?::5:^>^i»l 



K^^^iXSVCd^ 



Satyanarayan Gangaram Pitroda 
Invent a New India Using Knowledge 



Bhartrhari — Nitisatakam 
''Knowledge is such a treasure which cannot be stolen" 




^'^^^r 



k 




BLANK PAGE 



^*-^^^ 





PROTECTED BY COPYRIGHT 



IS 15382 (Parti): 2003 
■EC 60664-1 (2002) 

(Superseding SP 39 : 1987) 



m^^ HFm? 



/nc//an Standard 

INSULATION COORDINATION FOR EQUIPMENT 
WITHIN LOW-VOLTAGE SYSTEMS 

PART 1 PRINCIPLES, REQUIREMENTS AND TESTS 



ICS 29.080.30 



© BIS 2003 

BUREAU OF INDIAN STANDARDS 

MANAK BHAVAN, 9 BAHADUR SHAH ZAFAR MARG 
NEW DELHI 110002 

September 2003 Price Group 1 5 



IS 15382 (Part 1) : 2003 

lEC 60664-1 <2002) 

High Voltage Engineering Sectional Committee, ET 19 



NATIONAL FOREWORD 

This Indian Standard { Part 1) which is identical with lEC 60664-1 (2002) 'Insulation coordination for 
equipment within low-voltage systems — Part 1 : Principles, requirements and tests' issued by the 
International Electrotechnical Commission (lEC) was adopted by the Bureau of Indian Standards on 
the recommendations of the High Voltage Engineering Sectional Committee and approval of the 
Electrotechnical Division Council. 

This standard was first published in 1987 as SP 39 'Special publication — Guide for insulation 
coordination within low voltage systems'. The revision of this special publication was felt with a view 
to align our standard with international practices. 

This standard consists of the following parts under the general title Insulation coordination for 
equipment within low voltage systems' : 

Part 1 Principles, requirements and tests 

Part 2 Application guide, Section 1 Dimensioning procedure worksheets and dimensioning 
examples 

Part 3 Use of coatings to achieve insulation coordination of printed board assemblies 

Part 4 Consideration of high frequency voltage stress 

While Part 1 of the standard deals with principles, requirements and tests relating to insulation 
coordination for equipment within low voltage systems, specific requirements on other aspect are 
covered in subsequent parts of this standard, in which additional or modified requirements are given. 

The text of the lEC Standard has been approved as suitable for publication as an Indian Standard 
without deviations. Certain conventions are, however, not identical to those used in Indian Standards. 
Attention is particularly drawn to the following: 

a) Wherever the words 'International Standard' appear referring to this standard, they should be 
read as 'Indian Standard'; and 

b) Comma (,) has been used as a decimal marker, while in Indian Standards the current 
practice is to use a point (.) as the decimal marker. 

With the publication of this standard SP 39 shall be withdrawn. 

Only the English text of the International Standard has been retained while adopting it as an Indian 
Standard. 

CROSS REFERENCES 

In this adopted standard, references appear to certain International Standards for which Indian 
Standards also exist. The corresponding Indian Standards, which are to be substituted in their 
respective places are listed below along with their degree of equivalence for the editions indicated: 

International Standanj Indian Standard Degree of 

Equivalence 

lEC 60038 (1983) lEC standard voltages IS 12360 : 1988 Voltage bands for Technically 

electrical installations including equivalent 
preferred voltages and frequency 



(i) 
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International Standard 

lEC 60050 (151) (1978) International 
eiectrotechnical vocabulary (lEV) — 
Chapter 151 : Electrical and magnetic 
devices 

lEC 60050 (604) (1987) International 
eiectrotechnical vocabulary (lEV) — 
Chapter 604: Generation, transmission 
and distribution of electricity — Operation 

lEC 60060-1 (1989) High-voltage test 
techniques — Part 1: General definitions 
and test requirements 

IEC60068-1 (1988) Environmental 
testing — Part 1 : General and guidance 

lEC 60068-2-2 (1974) Envrronmental 
testing — Part 2 : Tests — Test B : Dry 
heat 

lEC 60068-2-3 (1969) Environmental 
testing - Part 2 : Tests - Test Ca: Damp 
heat, steady state 

lEC 60068-2-14 (1984) Environmental 
testing — Part 2: Tests -Test N : Change 

of temperature 



lEC 60085 (1984) Thermal evaluation 
and classification of electrical insulation 

lEC 60099-1 (1991) Lightning arresters 
— Part 1 : Non-linear resistor type 
arresters for a.c. systems 

lEC 60112 (1979) Method for deter- 
mining the comparative and the proof- 
tracking indices of solid insulating 
materials under moist conditions 

lEC 60216 Guide for the determination 
of thermal endurance properties of 
electrical insulating materials 

lEC 60243-1 (1988) Methods of test for 

electric strength of solid insulating 

materials — Part 1 : Tests at power 
frequencies 

lEC 60335-1 (1991) Safety of household 
and similar electrical appliances — 
Part 1: General requirements 



Indian Standard 

IS 1885 (Part 74) 1993 

Eiectrotechnical vocabulary : Part 74 
Electrical and magnetic devices 

IS 1885 (Part 70):1993 Eiectrotechnical 
vocabulary : Part 70 Generation, 
transmission and distribution of 
electricity — Operation 

IS 2071 (Part 1):1993 High-voltage 

test techniques : Part 1 General 

definitions and test requirements 
{second revision) 

IS 9000 (Part 1) : 1988 Basic environ- 
mental testing procedures for electronic 
and electrical items: Part 1 General 

IS 9000 (Part 3/ Sec 1 to 5): 1977 
Basic environmental testing procedures 
for electronic and electrical items : Part 
3 Dry heat test 

IS 9000 (Part 4) : 1979 Basic environ- 
mental testing procedures for electronic 
and electrical items : Part 4 Damp heat 
(steady state) 

IS 9000 (Part 14/ Sec 1 to 3) : 1988 
Basic environmental testing procedures 
for electronic and electrical items : Part 

14 Test N : Change of temperature (first 
revision) 

15 1271 : 1985 Thermal evaluation and 
classification of electrical insulation 
{first revision) 

IS 15086 (Part 1) : 2001 Surge 
arresters : Part 1 Non-linear resistor 
type gapped surge arresters for a.c. 
systems 

IS 2824 : 1975 Method for determining 
the comparative tracking index of solid 
insulating materials under moist 
conditions {first revision) 

IS 8504 Guide for determination of 
thermal endurance properties of 
insulating materials 

IS 2584 : 1963 Method of test for 
electric strength of solid insulating 
materials at power frequencies 

IS 302 (Part 1) 1979 Safety of 

household and similar electrical 

appliances Part 1 General 
requirements {fifth revision) 

(ii) 



Degree of 
Equivalence 

Identical 



do 



do 



Technically 
equivalent 

do 



do 



Identical 



Technically 
equivalent 

Identical 



Technically 
equivalent 



do 



do 



do 
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International Standard 

EC 60364-4-41 (1982) Electrical 
installations of buildings — Part 4: 
Protection for safety — Chapter 41: 
Protection against electric shock 

lEC 60364-4-442 (1992) Electrical 
installations of buildings — Part 4: 
Protection for safety — Chapter 44: 
Protection against overvoltages — 
Section 442 : Protection of low-voltage 
installations against faults between high- 
voltage systems and earth 

lEC 60364-4-443 (1990) Electrical 
installations of buildings — Part 4: 
Protection for safety — Chapter 44: 
Protection against overvoltages — 
Section 443 Protection against 

overvoltages of atmospheric origin or due 
to switching 

lEC 60364-5-537 (1 981 ) Electrical 
installations of buildings — Part 5 : 
Selection and erection of electrical 
equipment — Chapter 53 : Switchgear 
and controlgear — Section 537 : Devices 
for isolation and switching 

lEC 60529 (1989) Degrees of protection 
provided by enclosures (IP Code) 

lEC 60536 (1 976) Classification of 
electrical and electronic equipment with 
regard to protection against electric 
shock 

lEC 60669-1 (1981 ) Switches for 
household and similar fixed electrical 
installations — Part 1 : General require- 
ments 



Indian Standard 
Nil 

Nil 



Degree of 
Equivalence 



Nil 



Nil 



IS 12063 : 1987 Classification of 
degree of protection provided by 
enclosures of electrical equipment 

IS 9409 : 1980 Classification of 
electrical and electronic equipment with 
regard to protection against electric 
shock 

IS 3854 : 1997 Switches for domestic 
and similar purposes {second revision) 



Technically 
equivalent 

do 



do 



For the purpose of deciding whether a particular requirement of this standard is complied with, the 
final value, observed or calculated, expressing the result of a test, shall be rounded off in accordance 
with IS 2:1960 *Rules for rounding of numerical values {revised)'. The number of significant places 
retained in the rounded off value should be the same as that of the specified value in this standard. 
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Indian Standard 

INSULATION COORDINATION FOR EQUIPMENT 
WITHIN LOW-VOLTAGE SYSTEMS 

PART 1 PRINCIPLES, REQUIREMENTS AND TESTS 
SECTION 1: GENERAL AND DEFINITIONS 

1.1 Scope 

1.1.1 This part of lEC 60664 deals with insulation coordination for equipment within low- 
voltage systems. It applies to equipment for use up to 2 000 m above sea level having a 
rated voltage up to a.c. 1 000 V with rated frequencies up to 30 kHz or a rated voltage up to 
d.c. 1 500 V. 

It specifies the requirements for clearances, creepage distances and solid insulation for 
equipment based upon their performance criteria. It includes methods of electric testing with 
respect to insulation coordination. 

The minimum clearances specified in this part do not apply where ionized gases occur. 
Special requirements for such situations may be specified at the discretion of the relevant 
Technical Committee. 

This part does not deal with distances 

- through liquid insulation, 

- through gases other than air, 

- through compressed air. 

NOTE 1 Extension of the scope up to 1 MHz is under consideration. 

NOTE 2 Higher voltages may exist in internal circuits of the equipment. 

NOTE 3 Requirements for altitudes exceeding 2 000 m can be derived from table A.2 of annex A. 

1.1.2 The object of this basic safety standard is to guide Technical Committees responsible 
for different equipment in order to rationalize their requirements so that insulation coordination is 
achieved. 

It provides the information necessary to give guidance to Technical Committees when 
specifying clearances in air, creepage distances and solid insulation for equipment. 

1.2 Normative references 

The following referenced documents are indispensable for the application of this document. 
For dated references, only the edition cited applies. For undated references, the latest edition 
of the referenced document (including any amendments) applies. 

lEC Guide 104:1984, Guide to the drafting of safety publications, and the role of committees 
with safety pilot functions and safety group functions 

I EC 60038:1983, lEC standard voltages 

lEC 60050(151 ):1978, International Electrotechnical Vocabulary (lEV) - Chapter 151: 
Electrical and magnetic devices 

1 
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lEC 60050(604): 1987, International Electrotectinical Vocabulary (lEV) - Chapter 604: 
Generation, transmission and distribution of electricity - Operation 

lEC 60060-1:1989, High-voltage test techniques - Part 1: General definitions and test 
requirements 

lEC 60068-1 :1988, Environmental testing - Part 1: General and guidance 

lEC 60068-2-2:1974, Environmental testing - Part 2: Tests, Tests B: Dry heat 

lEC 60068-2-3:1969, Environmental testing - Part 2: Tests, Test Ca: Damp heat, steady state 

lEC 60068-2-14:1984, Environmental testing - Part 2: Tests, Test N: Change of temperature 

lEC 60085: 198^, Thermal evaluation and classification of electrical insulation 

lEC 60099-1:1991, Lightning arresters - Part 1: Non-linear resistor type arresters for a.c. 
systems 

lEC 60112:1979, Method for determining the comparative and the proof-tracking indices of 
solid insulating materials under moist conditions 

lEC 60216, Guide for the determination of thermal endurance properties of etectrical 
insulating materials 

lEC 60243-1:1988, Methods of test for electric strength of solid insulating materials - Part 1: 
Tests at power frequencies 

lEC 60335-1:1991, Safety of household and similar electrical appliances - Part 1: General 
requirements 

lEC 60364-4-41:1982, Electrical installations of buildings - Part 4: Protection for safety - 
Chapter 41: Protection against electric shock 

lEC 60364-4-442:1992, Electrical installations of buildings - Part 4: Protection for safety - 
Chapter 44: Protection against overvoltages - Section 442: Protection of low-voltage 
installations against faults between high-voltage systems and earth 

lEC 60364-4-443:1990, Electrical installations of buildings - Part 4: Protection for safety - 
Chapter 44: Protection against overvoltages - Section 443: Protection against overvoltages of 
atmospheric origin or due to switching 

lEC 60364-5-537:1981, Electrical installations of buildings - Part 5: Selection and erection of 
electrical equipment - Chapter 53: Switchgear and controlgear - Section 537: Devices for 
isolation and switching. AmendrT>ent No. 1 (1989) 

I EC 60529:1989, Degrees of protection provided by enclosures (IP Code) 

I EC 60536:1976, Classification of electrical and^electronic equipment with regard to protection 
against electric shock 

lEC 60664-4:1997, Insulation coordination for equipment within low-voltage systems - Part 4: 
Considerations of high-frequency voltage stress 
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lEC 60664-5, Insulation coordination for equipment within low-voltage systems - Part 5: 
A comprehensive method for determining clearance and creepage distances equal to or less 
than 2 mm '•) 

lEC 60669-1:1981, Switches for household and similar fixed electrical installations - Part 1: 
General requirements 

I^EC 60730-1:1990, Automatic electrical controls for electrical household appliances - Part 1: 
General requirements 

I EC 61180-1:1992, High-voltage test techniques for low-voltage equipment - Part 1: 
Definitions, test and procedure requirements 

lEC 61180-2:1994, High-voltage test techniques tor low-voltage equipment - Part 2: Test 
equipment 

1.3 Definitions 

For the purpose of this part of lEC 60664, the following definitions apply: 

1.3.1 

insulation coordination 

mutual correlation of insulation characteristics of electrical equipment taking into account the 
expected micro-environment and other influencing stresses 

NOTE Expected voltage stresses are characterized in terms of the characteristics defined in 1.3.5 to 1.3.7. 

1,3.2 
clearance 

shortest distance in air between two conductive parts 

1.3.3 

creepage distance 

shortest distance along the surface of the insulating material between two conductive parts 
(lEV 151-03-37) 

1.3.4 

solid insulation 

solid insulating material interposed between two conductive parts 

1.3,5 

working voltage 

highest r.m.s. value of the a.c. or d.c. voltage across any particular insulation which can occur 
when the equipment is supplied at rated voltage 

NOTE 1 Transients are disregarded. 

NOTE 2 Both open circuit conditions and normal operating conditions are taken into account. 

1.3.6 

recurring peak voltage (l/fp) 

maximum peak value of periodic excursions of the voltage waveform resulting from distortions 
of an a.c. voltage or from a.c. components superimposed on a d.c. voltage 

NOTE Random overvoltages, for example due to occasional switching, are not considered to be recurring peak 
voltages. 
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1,3.7 
overvoltage 

any voltage having a peak value exceeding the corresponding peak value of maxinnunn 
steady-state voltage at normal operating conditions 

1.3.7.1 

temporary overvoltage 

overvoltage at power frequency of relatively long duration 

1,3.7.2 

transient overvoltage 

short duration overvoltage of a few milliseconds or less, oscillatory or non-oscillatory, usually 
highly damped (lEV 604-03-13) 

1.3,7,2,1 

switching overvoltage 

transient overvoltage at any point of the system due to specific switching operation or fault 

1,3,7.2,2 

lightning overvoltage 

transient overvoltage at any point of the system due to a specific lightning discharge 

1.3,7,3 

functional overvoltage 

deliberately imposed overvoltage necessary for the function of a device 

1.3,8 Withstand voltages 

1,3,8.1 

Impulse withstand voltage 

highest peak value of impulse voltage of prescribed form and polarity which does not cause 
breakdown of insulation-under specified conditions 

1,3,8,2 

r,m.s, withstand voltage 

highest r.m.s. value of a voltage which does not cause breakdown of insulation under 
specified conditions 

1,3.8.3 

recurring peak withstand voltage 

highest peak value of a recurring voltage which does not cause breakdown of insulation under 
specified conditions 

1.3.8.4 

temporary withstand overvoltaige 

highest r.m.s. value of a temporary overvoltage which does not cause breakdown of insulation 
under specified conditions 

1,3,9 

rated voltage 

value of voltage assigned by the manufacturer, to a component, device or equipment and to 
which operation and performance characteristics are referred 

NOTE Equipment may have more than one rated voltage value or may have a rated voltage range. 
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1.3.9.1 

rated insulation voltage 

r.m.s. withstand voltage value assigned by the manufacturer to the equipment or to a part of 
it, characterizing the specified (long-term) withstand capability of its insulation 

NOTE The rated insulation voltage is not necessarily equal to the rated voltage of equipment which is primarily 
related to functional performance. 

1.3.9.2 

rated impulse voltage 

impulse withstand voltage value assigned by the manufacturer to the equipment or to a part of 
it. characterizing the specified withstand capability of its insulation against transient overvoltages 

1.3.9.3 

rated recurring peak voltage 

recurring peak withstand voltage value assigned by the manufacturer to the equipment or to a 
part of it, characterizing the specified withstand capability of its insulation against recurring 
peak voltages 

1.3,9.4 

rated temporary overvoltage 

temporary withstand overvoltage value assigned by the manufacturer to the equipment or to a 
part of rt, clraracterizing the specified short-term withstand capability of its insulation against 
a.c. voltages 

1.3.10 

overvoltage category 

numeral defining a transient overvoltage condition 

NOTE Overvoltage categories I, II, 1)1 and IV are used, see 2.2.2.1. 

1.3.11 
pollution 

any addition of foreign matter, solid, liquid, or gaseous that can result in a reduction of 
electric strength or surface resistivity of the insulation 

1 .3.1 2 Environment 

1.3.12.1 
macro-environment 

environment of the room or other location in which the equipment is installed or used 

1.3.12.2 
micro-en^vironment 

immediate environment of the insulation which particularly influences the dimensioning of the 
creepage distances 

1.3.13 
pollution degree 

numeral characterizing the expected pollution of the micro-environment 
NOTE Pollution degrees 1, 2, 3 and 4 are used, see 2.5.1. 

1.3.14 
homogeneous field 

electric field which has an essentially constant voftage gradient between electrodes (uniform 
field), such as that between two spheres where the radius of each sphere is greater than the 
distance between'them 

NOTE The homogeneous field condition Is referred to as case B. 
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1,3.15 
inhomogeneous field 

electric field which does not have an essentially constant voltage gradient between electrodes 
(non-uniform field) 

NOTE The inhomogeneous field condition of a point-plane electrode configuration is the worst case with regard to 
voltage withstand capability and is referred to as case A. It is represented by a point electrode having a 30 jum 
radius and a plane of 1 m x 1 m. 

1.3,16 

controlled overvoltage condition 

condition within an electrical system wherein the expected transient overvoltages are limited 
to a defined level 

1.3.17 Insulations 

1.3,17.1 

functional insulation 

insulation between conductive parts which is necessary only for the proper functioning of the 
equipment 

1.3.17.2 

basic insulation 

insulation applied to live parts to provide basic protection against electric shock 

NOTE Basic insulation does not necessarily include insulation used exclusively for functional purposes (2-1 of 
lEC 60536). 

1.3.17.3 

supplementary insulation 

independent insulation applied in addition to basic insulation, in order to provide protection 
against electric shock in the event of a failure of basic insulation (2.2 of lEC 60536) 

1.3,17.4 

double insulation 

insulation comprising both basic insulation and supplementary insulation (2.3 of lEC 60536) 

1.3.17.5 

reinforced insulation 

single insulation system applied to live parts, which provides a degree of protection against 
electric shock equivalent to double insulation under the conditions specified in the relevant 
TEC standard (2.4 of lEC 60536) 

NOTE A single insulation system does not imply that the insulation must be one homogeneous piece. It may 
comprise several layers which cannot be tested singly as basic or supplementary insulation. 

1.3.18 

partial discharge (PD) 

electric discharge that partially bridges the insulation 

1,3.18.1 

apparent charge q 

electric charge which can be measured at the terminals of the specimen under test 

NOTE 1 The apparent charge is smaller than the partial discharge. 

NOTE 2 The measurement of the apparent charge requires a short-circuit condition at the terminals of the 
specimen (see annex D, D.2) under test. 



IS 15382 (Part 1) : 2003 
lEC 60664-1 (2002) 

1.3.18.2 

specified discharge magnitude 

magnitude of the apparent charge which Is regarded as the limiting value according to the 
objective of this standard 

NOTE The pulse with the maximum amplitude should be evaluated. 

1.3.18.3 

pulse repetition rate 

average number of pulses per second with an apparent charge higher than the detection level 

NOTE Within the scope of this standard it is not permitted to weigh discharge magnitudes according to the pulse 
repetition rate. 

1.3.18.4 

partial discharge inception voltage {U\) 

lowest peak value of the test voltage at which the apparent charge becomes greater than the 
specified discharge magnitude when the test voltage is increased above a low value for which 
no discharge occurs 

NOTE For a.c. tests the r.m.s. value may be used. 

1.3.18.5 

partial discharge extinction voltage {U^) 

lowest peak value of the test voltage at which the apparent charge becomes less than the 
specified discharge magnitude when the test voltage is reduced below a high level where 
such discharges have occurred 

NOTE For a.c. tests the r.m.s. value may be used. 

1.3.18.6 

partial discharge test voltage {Ut) 

peak value of the test voltage for the procedure of 4.1.2.4.2 at which the apparent charge has 
to be less than the specified discharge magnitude 

NOTE For a.c, tests the r.m.s. value may be used. 

1.3.19 Tests 

1.3.19.1 
type test 

test of one or more devices made to a certain design to show that the design meets certain 
specifications (lEV 151-04-15) 

1.3.19.2 
routine test 

test to which each individual device is subjected during or after manufacture to ascertain 
whether it complies with certain criteria (lEV 151-04-16) 

1.3.19.3 
sampling test 

test on a number of devices taken at random from a batch (lEV 151-04-17) 

1.3.20 

electrical breakdown 

failure of insulation under electric stress when the discharge completely bridges the 
insulation, thus reducing the voltage between the electrodes almost to zero 
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1.3.20.1 
sparkover 

electrical breakdown in a gaseous or liquid medium 

1.3.20.2 
fiashover 

electrfcal breakdown along a surface of solid insulation located in a gaseous or liquid medium 

1.3.20.3 
puncture 

electrical breakdown through solid insulation 



SECTION 2: BASIS FOR INSULATION COORDINATION 



2.1 Basic principles 

Insulation coordination implies the selection of the electric insulation characteristics of the 
equipment with regard to its application and in relation to its surroundings. 

Insulation coordination can only be achieved if the design of the equipment is based on the 
stresses to which it is likely to be subjected during its anticipated lifetime. 

2.1.1 Insulation coordination with regard to voltage 

Consideration shall be given to: 

- the voltages which can appear within the system; 

- the voltages generated by the equipment (which could adversely affect other equipment in 
the system); 

- the degree of continuity of service desired; 

- the safety of persons and property, so that the probability of undesired incidents due to 
voltage stresses do not lead to an unacceptable risk of harm. 

2.1.1.1 Insulation coordination with regard to long-term a.c. or d.c. voltages 

Insulation coordination with regard to long-term voltages is based on: 

- rated voltage; 

- rated insulation voltage; 

- working voltage. 

2.1 .1 .2 Insulation coordination with regard to transient overvoltage 

Insulation coordination with regard to transient overvoltage is based on controlled overvoltage 
conditions. There are two kinds of control: 

- inherent control: The condition within an electrical system wherein the characteristics of 
the system can be expected to limit the prospective transient overvoltages to a defined 
level; 
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- protective control: The condition within an electrical system wherein specific overvoltage 
attenuating means can be expected to limit the prospective transient overvoltages to a 
defined level. 

NOTE 1 Overvoltages in large and complex systems such as tow-voltage mains subjected to multiple and variable 
influences can only be assessed on a statistical basis. This is particularly true for overvoltages of atmospheric 
origin and applies whether the controlled condition is achieved as a consequence of inherent control or by means 
of protective control. 

NOTE 2 A probabilistic analysis is recommended to assess whether inherent control exists or whether protective 
control is needed. This analysis requires knowledge of the electrical system characteristics, the keraunic levels, 
transient overvoltage levels, etc. This approach has been used in lEC 60364-4-443 for electrical installations of 
buildings connected to low-voltage mains. 

NOTE 3 The specific overvoltage attenuating means may be a device having means for storage or dissipation of 
energy and, under defined conditions, capable of harmlessly dissipating the energy of the overvoltages expected at 
the location. 

In order to apply the concept of insulation coordination, distinction is made between transient 
overvoltages from two different sources: 

- transient overvoltages originating in the system to which the equipment is connected 
through its terminals; 

- transient overvoltages originating in the equipment. 

Insulation coordination uses a preferred series of values of rated impulse voltage: 

330 V, 500 V, 800 V. 1 500 V, 2 500 V, 4 000 V, 6 000 V, 8 000 V, 12 000 V. 

2.1.1.3 Insulation coordination with regard to recurring peak voltage 

Consideration shall be given to the extent partial-discharges can occur in solid insulation (see 
3.3.2.2.1) or along surfaces of insulation (under consideration). 

2.1.1.4 Insulation coordination with regard to temporary overvoltage 

Insulation coordination with regard to temporary overvoltages is based on the temporary 
overvoltage specified m lEC 60364-4-442 (see 3.3.3.2.2 in this standard), 

NOTE Currently available surge protective devices (SPDs) are not able to adequately deal with the energy 
associated with temporary overvoltages. 

2.1.2 Insulation coordination with regard to environmental conditions 

The micro-environmental conditions for the insulation shall be taken into account as quantified 
by pollution degree. 

The micro-environmental conditions depend primarily on the macro-environmental conditions 
in which the equipment is located and in many cases the environments are identical. 
However, the micro-environment can be better or worse than the macro-environment where, 
for example, enclosures, heating, ventilation or dust influence the micro-environment. 

NOTE Protection by enclosures provided according to the classes specified In lEC 60529 does not necessarily 
improve the micro-environment with regard to pollution. 
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The most important environmental parameters are as follows; 

- for clearances: 
air pressure, 
temperature, if it has a wide variation; 

for creepage distances: 

pollution, 

relative humidity, 

condensation; 
for solid insulation: 

temperature, 

relative humidity. 

2.2 Voltages and voltage ratings 

For the purpose of dimensioning equipmenl in accordance with insulation coordination, 
technical committees shall specify: 

- the basis for voltage ratings, 

- an overvoltage category according to the expected use of the equipment, taking into 
account the characteristics of the system to which it is intended to be connected. 

2.2.1 Deternnlnatlon of voltage for long-term stresses 

It is assumed that the rated voltage of equipment is not lower than the nominal voltage of the 
supply system. 

2.2.1.1 Voltage for dimensioning basic insulation 

2.2.1.1-1 Equipment energized directly from the low-voltage mains 

The nominal voltages of the low-voltage mains have been rationalized according to tables 3a 
and 3b (see 3.2.1.1) and these voltages are the minimum to be used for the selection of 
creepage distances. They may also be used for the selection of rated insulation voltages. 

For equipment having several rated voltages so that it may be used at different nominal 
voltages of the low-voltage mains, the voltage selected shall be appropriate for the highest 
rated voltage of the equipment. 

Technical Committees shall consider whether the voltage is to be selected: 

- based on line-to-line voltage, or 

- based on line-to-neutral voltage. 

2.2.1.1.2 Systems, equipment and internal circuits not energized directly 
from the low-voltage mains 

The highest r.m.s. voltage which can occur in the system, equipment or internal circuits shall 
be used for basic insulation. The voltage is determined for supply at rated voltage and under 
the most onerous combination of other conditions within the rating of the equipment. 

NOTE Fault conditions are not taken into account. 
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2.2.1.2 Voltage for dimensioning functionat Insulation 

The working voltage is used for determining tlie dimensions required for functional insulation. 

2.2.2 Determination of rated impulse voltage 

The transient overvoltages are taken as the basis for determining the rated impulse voltage. 

2.2.2.1 Overvoltage categories 

The concept of overvoltage categories is used for equipment energized directly from the low- 
voltage mains. 

NOTE This concept of overvoltage categories is used in lEC 60364-4-443. 

A similar concept can also be used for equipment connected to other systems, for example 
telecommunication and data systems. 

2.2.2.1.1 Equipment energized directly from the supply mains 

Technical Committees shall specify the overvoltage category as based on the following 
general explanation of overvoltage categories (see also lEC 60364-4-443): 

- Equipment of overvoltage category IV is for use at the origin of the installation. 
NOTE Examples of such equipment are electricity meters and primary overcurrent protection equipment. 

- Equipment of overvoltage category 111 is equipment in fixed installations and for cases 
where the reliability and the availability of the equipment is subject to special 
requirements. 

NOTE Examples of such equipment are switches in the fixed installation and equipment for industrial use with 
permanent connection to the fixed installation. 

- Equipment of overvoltage category II is energy-consuming equipment to be supplied from 
the fixed installation. 

NOTE Examples of such equipment are appliances, portable tools and other household and similar loads. 

If such equipment is subjected to special requirements with regard to reliability and 
availability, overvoltage category 111 applies. 

- Equipment of overvoltage category I is equipment for connection to circuits in which 
measures are taken to limit transient overvoltages to an appropriately low level. 

These measures shall ensure ihat the temporary overvoltages that could occur are sufficiently 
limited so that their peak value does not exceed the relevant rated impulse voltage of table 1, 

In the latter case the Technical Committee shall specify how the user is to be informed that 
the equipment is for use on neutral-earthed systems only. 

NOTE 1 Examples of such equipment are those containing electronic circuits protected to this level, however see 
the note in 2.1.1.4. 

NOTE 2 Unless the circuits are designed to take the temporary overvoltages into account, equipment of 
overvoltage category 1 cannot be directly connected to the supply mains. 

2.2.2.1.2 Systems and equipment not energized directly from the low-voltage mains 

It is recommended that Technical Committees specify overvoltage categories or rated impulse 
voltages as appropriate. Application of the preferred series of 2.1.1.2 is recommended. 

NOTE Telecommunication or industrial control systems or independent systems on vehicles are examples of such 
systems. 
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2.2.2.2 Selection of rated impulse voltage for equipment 

The rated impulse voltage of the equipment shall be selected from table 1 corresponding to 
the overvoltage category specified and to the rated voltage of the equipment. 

NOTE 1 Equipment with a particular rated impulse voltage and having more than one rated voltage may be 
suitable for use in different overvoltage categories. 

NOTE 2 For consideration of the switching overvoltage aspect, see 2.2.2.4. 

Table 1 - Rated impulse voltage for equipment energized directly 
from the low-voltage mains 



Nominal voltage of 


Voltage line to neutral 
derived from nominal 

voltages a.c. or d.c. 

up to and including 

V 


Rated impulse voltage ^) 


the supply system "i) 
based on lEC 60038 ^) 


Overvoltage category *) 


Three phase 


Single phase 


1 


n 


III 


IV 


230/400 277/480 

400/690 

1 000 


120-240 


50 
100 
150 
300 
600 
1 000 


330 
500 
800 

1 500 

2 500 
4 000 


500 
800 

1 500 

2 500 
4 000 
6 000 


800 

1 500 

2 500 
4 000 
6 000 
8 000 


1 500 

2 500 
4 000 
6 000 
8 000 
12 000 


^) See annex B for application to existing different low-voltage mains and their nominal voltages. 

2) Equipment with these rated impulse voltages can be used in installations in accordance with lEC 60364-4-443. 

3) The / mark indicates a four-wire three-phase distribution system. The lower value is the voltage line-to- 
neutral, while the higher value is the voltage line-to-line. Where only one value is indicated, it refers to 
three-wire, three-phase systems and specifies the value line-to-line. 

4) See 2.2.2. 1.1 for an explanation of the overvoltage categories. 



2.2.2.3 Impulse voltage rnsulation coordination within equipment 

2.2.2.3.1 For parts or circuits within equipment which are significantly influenced by external 
transient overvoltages, the rated impulse voltage of the equipment applies. Transient 
overvoltages which can be generated by the operation of the equipment shall not influence 
external circuit conditions beyond that specified in 2.2.2.4. 

2.2.2.3.2 For other parts or circuits within equipment which are specifically protected against 
transient overvoltages so that they are not significantly influenced by external transient 
overvoltages, the impulse withstand voltage required for basic insulation is not related to the 
rated impulse voltage of the equipment but to the actual conditions for that part or circuit. 
Application of the preferred series of impulse voltage values as introduced in 2.1.1.2 is, 
however, recommended to permit standardization. In other cases, interpolation of table 2 
values is allowed. 

2.2.2.4 Switching overvoltage generated by the equipment 

For equipment capable of generating an overvoltage at the equipment terminals, for example 
switching devices, the rated impulse voltage implies that the equipment shall not generate 
overvoltage in excess of this value when used in accordance with the relevant standard and 
instructions of the manufacturer. 

NOTE The residua! risk that voltages in excess of the rated impulse voltage can be generated depends on the 
circuit conditions. 
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If a switching device with a particular rated impulse voltage or overvoltage category does not 
generate overvoltages higher than those of a lower overvoltage category, it has two rated 
impulse voltages or two overvoltage categories: the higher one referring to Its impulse 
withstand voltage, the lower one referring to the generated overvoltage. 

NOTE A given value of rated impulse voltage implies that overvoltages up to that magnitude may become 
effective in the system and that, as a consequence, the equipment may be unsuitable for use in lower overvoltage 
categories or require suppression means suitable for the lower category. 

2.2.2.5 Interface requirements 

Equipment may be used under the conditions jof a higher overvoltage category where 
appropriate overvoltage reduction is provided. Appropriate overvoltage attenuation can be 
achieved by: 

- an overvoltage protective device; 

- a transformer with isolated windings; 

- a distribution system with a multiplicity of branch circuits (capable of diverting energy of 
surges); 

- a capacitance capable of absorbing energy of surges; 

- a resistance or similar damping device capable of dissipating the energy of surges. 

NOTE Attention is drawn to the fact that any overvoltage protective device within the installation or within 
equipment may have to dissipate more energy than any overvoltage protective device at the origin of the 
installation having a higher clamping voltage. This applies particularly to the overvoltage protective device with the 
lowest clamping voltage. 

2.2.3 Determination of recurrrng peak voltage 

The waveshape of the voltage is measured by an oscilloscope of sufficient bandwidth, from 
which the peak amplitude is determined according to figure 3. 



^ 



^ 



r 



Peak voltage 



Working voltage 



^i 



Working voltage 



Peak voltage 



Figure 3 - Recurring pealc voltage 
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2.2.4 Determination of temporary overvoltage 

2.2.4.1 General 

Situations related to the most onerous temporary overvoltages due to faults in the supply 
system are considered in lEC 60364-4-442. 

NOTE lEC 60364-4-442 deals with the safety of persons and equipment in a low-voltage system in the event -of a 
fault between the high-voltage system and earth of transformers that supply low-voltage systems. 

2.2.4.2 Fault voltage 

The magnitude and the duration of the fault voltage or the touch voltage due to an earth fault 
in the high-voltage system are shown in figure 44A of lEC 60364-4-442. 

2.2.4.3 Stress due to temporary overvoltages 

The magnitude and duration of a temporary overvoltage in low-voltage equipment due to an 
earth fault in the high-voltage system are given in 3.3.3.2.2. 

2.3 Frequency 

Information on the dimensioning for frequencies above 30 kHz is given In lEC 60664-4. 

2.4 Time under voltage stress 

With regard to creepage distances, the time under voltage stress influences the number of 
occasions when drying-out can result in surface scintillations with energy high enough to 
entail tracking. The number of such occasions is considered to be sufficiently large to cause 
tracking 

- in equipment intended for continuous use but not generating sufficient heat to keep the 
surface of the Insulation dry, 

- in equipment subjected to condensation for extended periods during which It is frequently 
switched on and off, 

- on the input side of a switching device, and between its line and load terminals, that is 
connected directly to the supply mains. 

The creepage distances shown in table 4 have been determined for insulation intended to be 
under voltage stress during a long period of time. 

NOTE Technical Committees responsible for equipment in which insulation is under voltage stress for only a short 
time may consider allowing reduced creepage distances for functional insulation, for example of one voltage step 
lower than specified in table 4. 

2.5 Pollution 

The micro-environment determines the effect of pollution on the insulation. The macro- 
environment, however, has to be taken into account when considering the micro-environment. 

Means may be provided to reduce pollution at the insulation under consideration by effective 
use of enclosures, encapsulation or hermetic sealing. Such means to reduce pollution may 
not be effective when the equipment is subject to condensation or if, in normal operation, it 
generates pollutants itself. 

Small clearances can be bridged completely by solid particles, dust and water and therefore 
minimum clearances are specified where pollution may be present in the micro-environment. 

NOTE 1 Pollution will become conductive in the presence of humidity. Pollution caused by contaminated water, 
soot, metal or carbon dust is inherently conductive. 

NOTE 2 Conductive pollution by ionized gases and metallic depositions occurs only in specific instances, for 
example in arc chambers of switchgear or controlgear, and is not covered by this part of lEC 60664. 
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2.5.1 Degrees of pollution in the micro-environment 

For the purpose of evaluating creepage distances and clearances, the following four degrees 
of pollution in the micro-environment are established: 

- Pollution degree 1 

No pollution or only dry, non-conductive pollution occurs. The pollution has no influence. 

- Pollution degree 2 

Only non-conductive pollution occurs except that occasionally a temporary conductivity 
caused by condensation is to be expected. 

- Pollution degree 3 

Conductive pollution occurs or dry non-conductive pollution occurs which becomes 
conductive due to condensation which is to be expected. 

- Pollution degree 4 

Continuous conductivity occurs due to conductive dust, rain or other wet conditions. 

2.5.2 Conditions of conductive pollution 

The dimensions for creepage distance cannot be specified where permanently conductive 
pollution is present, e.g. from carbon or metal dust. Instead, the surface of the insulation shall 
be designed to avoid a continuous path of conductive pollution, e.g. by means of ribs and 
grooves (see 3.2.1.4). 

2.6 Information supplied with the equipment 

Technical Committees shall specify the relevant information to be supplied with the equipment 
and the way this is to be provided. 

2.7 Insulating material 

2.7.1 Comparative tracking index (CTI) 

2.7.1.1 With regard to tracking, an insulating material can be roughly characterized 
accordmg to the damage it suffers from the concentrated release of energy during 
scintillations when a surface leakage current is interrupted due to the drying-out of the 
contaminated surface. The following behaviour of an insulating material in the presence of 
scintillations can occur: 

- no decomposition of the insulating material; 

- the wearing away of insulating material by the action of electrical discharges (electrical 
erosion); 

- the progressive formation of conductive paths which are produced on the surface of 
insulating material due to the combined effects of electric stress and electrolytically 
conductive contamination on the surface (tracking). 

NOTE Tracking or erosion will occur when 

- a liquid film carrying the surface leakage current breaks, and 

- the applied voltage is sufficient to break down the small gap formed when the film breaks, and 

- the current Is above a limiting value which is necessary to provide sufficient energy locally to thermally 
decompose the insulating material beneath the film. 

Deterioration increases with the time for which the current flows. 
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2.7.1.2 A method of ciassification for insulating materials according to 2.7.1.1 does not exist. 
The behaviour of the insulating material under various contaminants and voltages is 
extremely complex. Under these conditions, many materials may exhibit two or even all three 
of the characteristics stated. A direct correlation with the material groups of 2.7.1.3 is not 
practical. However, it has been found by experience and tests that insulating materials having 
a higher relative performance also have approximately the same relative ranking according to 
the comparative tracking index (CTI). Therefore, this standard uses the CTI values to 
categorize insulating materials. 

2.7.1.3 For the purpose of this standard, materials are classified into four groups according 
to their CTI values. These values are determined in accordance with lEC 60112 using solution A. 
The groups are as follows: 

- material group I: 600 < CTI; 

- material group II: 400 < CTI < 600; 

- material group Ilia: 175 < CTI < 400; 

- material group lllb: 100 < CTI < 175. 

The proof tracking index (PTI) is used to verify the tracking characteristics of materials. A 
material may be included in one of these four groups on the basis that the PTI, verified by the 
method of lEC 60112 using solution A, is not less than the lower value specified for the group. 

2.7.1.4 The test for comparative tracking index (CTI) in accordance with lEC 60112 is 
designed to compare the performance of various insulating materials under test conditions. 
It gives a qualitative comparison and in the case of insulating materials having a tendency to 
form tracks, it also gives a quantitative comparison. 

2.7.1.5 For glass, ceramics or other inorganic insulating materials which do not track, 
creepage distances need not be greater than their associated clearance for the purpose of 
insulation co-ordination. The dimensions of table 2 for inhomogeneous field conditions are 
appropriate. 

2.7.2 Electric strength characteristics 

The electric strength characteristics of insulating material shall be considered by the technical 
committees, taking into account the stresses described in 3.3.1, 3.3.2.1.1 and 3.3.2.2.1. 

2.7.3 Thermal characteristics 

The thermal characteristics of insulating material shall be considered by the technical 
committees taking into account the stresses described in 3.3.2.1.2, 3.3.2.2.2 and 3.3.3.5. 

NOTE See also lEC 60216. 

2.7.4 Mechanical and chemical characteristics 

The mechanical and chemical characteristics of fnsulating material shall be considered by 
the technical committees, taking into account the stresses described in 3.3.2.1.3, 3.3.2.2.3 
and 3.3.2.3. 
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SECTION 3: REQUIREMENTS AND DIMENSIONING RULES 



3.1 Dimensioning of clearances 

Clearances shall be dimensioned to withstand the required impulse withstand voltage. 
For equipment directly connected to the low-voltage mains the required impulse withstand 
voltage is the rated impulse voltage established on the basis of 2.2.2.2. If a steady-state 
r.m.s. voltage, a temporary overvoltage or a recurring peak voltage requires larger clearances 
than required for the impulse withstand voltage, the corresponding values of table 7a shall be 
used. The largest clearance shall be selected, resulting from consideration of impulse 
withstand voltage, steady-state r.m.s. voltage, temporary overvoltage and recurring peak 
voltage. 

NOTE Dimensioning for steady-state r.m.s. or recurring peak voltage leads to a situation in which there is no 
margin to breakdown with the continuous application of these voltages. Technical Committees should take this into 
account. 

3.1.1 Dimensioning criteria 

Clearance dimensions shall be selected taking into account the following influencing factors: 

- impulse withstand voltage according to 3.1.4 for functional insulation and 3;1.5 for basic, 
supplementary and reinforced insulation; 

- steady-state withstand voltages and temporary overvoltages (see 3.1.1.2); 

- recurring peak voltages (see 3.1.1.2); 

- electric field conditions (see 3.1.2); 

~ altitude: the clearance dimensions specified in table 2 and table 7a give withstand 
capability for equipment for use in altitudes up to 2 000 m. For equipment for use at higher 
altitudes 3.1.3 applies; 

- degrees of pollution in the micro-environment (see 2.5.1). 

Larger clearances may be required due to mechanical influences such as vibration or applied 
forces. 

3.1,1.1 Dimensioning to withstand transient overvoltages 

Clearances shall be dimensioned to withstand the required impulse withstand voltage, 
according to table 2. For equipment directly connected to the supply mains, the required 
impulse withstand voltage is the rated impulse voltage established on the basis of 2.2.2.2 
(table 1). 

NOTE lEC 60664-5 provides an alternative and more precise dimensioning procedure for clearances not greater 
than 2 mm. 
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Table 2 - Clearances to withstand transient overvoltages^ 



Required 

impulse withstand 

voltage 1)5) 

kV 


rflinimum clearances in air up to 2 000 m above sea level 


Case A 

Inhomogeneous field 

(see 1.3.15) 


Case B 

Homogeneous field 

(see 1.3.14) 


Po 
1 

mm 


lution degree 
2 

mm 


6) 

3 

mm 


Po 
1 

mm 


llutlon degree 
2 

mm 


6) 

3 

mm 


0,33 2) 


0,01 


0,2 3)4) 


0.8 4) 


0,01 


0,2^)4) 


0,8 4) 


0,40 


0,02 


0,02 


0,50 2? 


0,04 


0,04 


0,60 


0,06 


0,06 


0,80 2) 


0.10 


0,10 


1,0 


0,15 


0,15 


1,2 


0,25 


0.25 


0,2 


1,5 2) 


0,5 


0,5 


0,3 


0.3 


2,0 


1,0 


1,0 


1,0 


0,45 


0.45 


2,5 2) 


1,5 


1,5 


1,5 


0,60 


0,60 


3,0 


2,0 


2,0 


2,0 


0.80 


0,80 


4,0 2) 


3,0 


3.0 


3,0 


1,2 


1,2 


1,2 


5,0 


4.0 


4,0 


4,0 


1.5 


1,5 


1,5 


6,0 2) 


5,5 


5,5 


5,5 


2,0 


2,0 


2.0 


8,0 2) 


8.0 


8,0 


8,0 


3,0 


3,0 


3,0 


10 


11 


11 


11 


3,5 


3.5 


3.5 


12 2) 


14 


14 


14 


4,5 


4,5 


4,5 


15 


18 


18 


18 


5,5 


5,5 


5.5 


20 


25 


25 


25 


8,0 


8.0 


8,0. 


25 


33 


33 


33 


10 


10 


10 


30 


40 


40 


40 


12.5 


12,5 


12,5 


40 


60 


60 


60 


17 


17 


17 


50 


75 


75 


75 


22 


22 


22 


60 


90 


90 


90 


27 


27 


27 


80 


130 


130 


130 


35 


35 


35 


100 


170 


170 


170 


45 


45 


45 


1) This voltage is 

- for functional insulation, the maximum impulse voltage expected to occur across the clearance (see 
3.1.4), 

- for basic insulation directly exposed to or significantly influenced by transient overvoltages from the 
low-voltage mains (see 2.2.2.2. 2.2.2.3.1 and 3.1.5), the rated impulse voltage of the equipment, 

- for other basic insulation (see 2.2.2.3.2), the highest impulse voltage that can occur in the circuit. 
For reinforced insulation see 3.1.5. 

2) Preferred values as specified in 2. 1 . 1 .2. 

^) For printed wiring material, the values for pollution degree 1 apply except that the value shall not be less 
than 0,04 mm, as specified in table 4. 

^) The minimum clearances given for pollution degrees 2 and 3 are based on the reduced withstand 
characteristics of the associated creepage distance under humidity conditions (see lEC 60664-5). 

5) For parts or circuits within equipment subject to impulse voltages according to 2.2.2.3.2, interpolation of 
values is allowed. However, standardization is achieved by using the preferred series of impulse voltage 
values in 2.1.1.2. 

®) The dimensions for pollution degree 4 are as specified for pollution degree 3, except that the minimum 
clearance is 1,6 mm. 
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3.1.1.2 Dimensioning to withstand steady-state voltages, 
temporary overvoltages or recurring peak voltages 



Clearances shall be dimensioned according to table 7a to withstand the peak value of the 
steady-state (d.c. or 50/60 Hz voltage), the temporary overvoltage or recurring peak voltage. 

NOTE 1 Information for the withstand characteristics for higher frequencies is given in lEC 60664-4. 

Table 7 - Clearances to withstand steady-state voltages, 
temporary overvoltages or recurring peak voltages 



Table 7a - Dimensioning of chearances 

to withstand steady-state voltages, 

temporary overvoltages or 

recurring peak voltages 



Table 7b - Additional information concerning 

the dimensioning of clearances 

to avoid partial discharge 



Voltage^* 

(peak 
value) 2) 

kV 


Minimum clearances in air 
up to 2 000 m above sea level 




Voltage^) 
(peak value) ^^ 

kV 


Minimum clearances in air 

up to 2 000 m above 

sea level 


Case A 

Inhomogeneous 

field conditions 

(see 1.3.15) 

mm 


Case B 

Homogeneous 

field conditions 

(see 1.3.14) 

mm 


Case A 

inhomogeneous field 

conditions 

(see 1.3.15) 

mm 


0,33 


0,01 


0.01 




0.33 


As specified for case A 

in 

table 7a 


0.4 


0,02 


0,02 


0,4 


0,5 


0.04 


0.04 


0,5 


0,6 


0,06 


0.06 


0.6 


0,8 


0,13 


0,1 


0.8 


1,0 


0,26 


0,15 


1.0 


1.2 


0,42 


0,2 


1,2 


1,5 


0,76 


0,3 


1.5 


2.0 


1.27 


0,45 


2.0 


2,5 


1.8 


0,6 


2.5 


2,0 


3,0 


2,4 


0,8 


3,0 


3,2 


4.0 


3.8 


1,2 


4.0 


11 


5,0 


5.7 


1.5 


5,0 


24 


6.0 


7.9 


2 


6.0 


64 


8,0 


11.0 


3 


8.0 


184 


10 


15,2 


3,5 


10 


290 


12 


19 


4,5 


12 


320 


15 


25 


5,5 


15 


3) 


20 


34 


8 


20 


25 


44 


10 


25 


30 


55 


12,5 


30 


40 


77 


17 


40 


50 


100 


22 


50 


60 




27 
35 
45 


60 


80 


80 


100 


100 


^* The clearances for other voltages are obtained by 
interpolation. 

2> See figure 3 for recurring .peak voltage. 




^) The clearances for other voltages are obtained 
by interpolation. 

2> See figure 3 for recurring peak voltage. 

^> Dimensioning without partial discharge is not 
possible under inhomogeneous field conditions. 



NOTE 2 If clearances are stressed with steady-state voltages of 2,5 kV (peak) and above, dimensioning 
according to the breakdown values in table 7a may not provide operation without corona (partial discharges), 
especially for Inhomogeneous fields. In order to provide corona-free operation, it Is either necessary to use larger 
clearances, as given in table 7b, or to improve the field distribution. 
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3.1.2 Electric field conditions 

The shape and arrangement of the conductive parts (electrodes) influence the homogeneity of 
the field and conse£|uently the clearance needed to withstand a given voltage (see table 2, 
table 7a and table A.1). 

3.1.2.1 Inhomogeneous field conditions (case A of table 2) 

Clearances not less than those specified in table 2 for inhomogeneous field conditions can be 
used irrespective of the shape and arrangement df the conductive parts and without 
verification by a voltage withstand test. 

Clearances through openings in enclosures of insulating material shall not be less than those 
specified for inhomogeneous field conditions since the configuration is not controlled, which 
may have an adverse effect on the homogeneity of the electric field. 

3.1.2.2 Homogeneous field conditions (case B of table 2) 

Values for clearances in table 2 for case B are only applicable for homogeneous fields. They 
can only be used where the shape and arrangement of the conductive parts is designed to 
achieve an electric field having an essentially constant voltage gradient. 

Clearances smaller than those for inhomogeneous field conditions require verification by a 
voltage withstand test (see 4.1.1). 

NOTE For small values of clearances, the uniformity of the electric field can deteriorate in the presence of 
pollution, making it necessary to increase the clearances above the values of case B. 

3.1.3 Altitude 

As the dimensions in table 2 and table 7 are valid for altitudes up to 2 000 m above sea level, 
clearances for attitudes above 2 000 m shall be multiplied by the altitude correction factor 
specified in table A. 2. 

NOTE The breakdown voltage of a clearance in air for a homogeneous field (withstand voltage case B In 
table A.1) is, according to Paschen's Law, proportional to the product of the distance between electrodes and the 
atmospheric pressure. Therefore experimental data recorded at approximately sea level is corrected according to 
the difference in atmospheric pressure between 2 000 m and sea level. The same correction Is made for 
inhomogeneous fields. 

3.1.4 Dimensioning of clearances of functional insulation 

For a clearance of functional insulation, the maximum impulse voltage expected to occur 
across it under rated conditions of the equipment, in particular the rated voltage and rated 
impulse voltage, is the appropriate impulse withstand voltage. 

3.1.5 Dimensioning of clearances of basic, supplementary and reinforced insulation 

Clearances of basic and supplementary insulation shall each be dimensioned as specified in 
table 2 corresponding to 

- the rated impulse voltage, according to 2.2.2.2 or 2.2.2.3.1, or 

- the impulse withstand voltage requirements according to 2.2.2.3.2. 
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Clearances of reinforced insulation shall be dimensioned as specified in table 2 corresponding 
to the rated Impulse voltage but one step higher in the preferred series of values in 2,1.1.2 
than that specified for basic insulation. If the impulse withstand voltage required for basic 
insulation according to 2.2.2.3.2, is other than a value taken from the preferred series, 
reinforced insulation shall be dimensioned to withstand 160 % of the impulse withstand 
voltage required for basic insulation. 

NOTE In a coordinated system, clearances above the minimum required are unr>ecessary for a required impulse 
withstand voltage. However, it may be necessary, for reasons other than insulation coordination, to increase 
clearances (for example due to mechanical influences). In such instances, the test voltage Is to remain based on 
the rated impulse voltage of the equipment, otherwise undue stress of associated solid Insulation may occur. 

For equipment provided with double insulation where basic insulation and supplementary 
insulation cannot be tested separately, the insulation system is considered as reinforced 

insulation. 

NOTE When dimensioning clearances to accessible surfaces of insulating material, such surfaces are assumed to 
be covered by metal foil. Further details can be specified by Technical Committees. 

3.1 .6 Isolating distances 

See lEC 60364-5-537. 

3.2 Dimensioning of creepage distances 

The values of table 4 are suitable for the majority of applications. If more precise 
dimensioning of creepage distances not greater than 2 mm is needed, lEC 60664-5 is 
relevant. 

3.2.1 Influencing factors 

Creepage distances shall be selected from table 4. The following influencing factors are taken 
into account: 

- voltage according to 2.2.1 (see also 3,2. 1 , 1 ); 

- micro-environment (see 3.2.1.2); 

- orientation and location of creepage distance (see 3.2.1 .3); 

- shape of insulating surface (see 2.5.2 and 3.2.1.4); 

- insulating materials (see 2.7.1); 

- time under voltage stress (see clause 2.4). 

NOTE The values of table 4 are based upon existing empirical data and are suitable for the majority of 
applications. However, for functional insulation, other values of creepage distances than those of table 4 may be 
appropriate. 

3.2.1.1 Voltage 

The basis for the determination of a creepage distance is the long-term r.m.s. value of the 
voltage existing across it. This voltage is the working voltage (see 3.2.2), the rated insulation 
voltage (see 3.2.3) or the rated voltage (see 3.2.3). 

Transient overvoltages are neglected since they will normally not influence the tracking 
phenomenon. However, temporary and functional overvoltages have to be taken into account 
if their duration and frequency of occurrence can influence tracking. 



21 



IS 15382 (Part 1) : 2003 
lEC 60664-1 (2002) 

3.2.1.2 Pollution 

The influence of the degrees of pollution in the micro-environnrLent, specified in 2.5.1, on the 
dimensioning of creepage distances is taken into account in table 4. 

NOTE In an equipnnent, different micro-environmental conditions can exist. 

3.2.1.3 Orientation and location of a creepage distance 

If necessary, the manufacturer shall indicate the intended orientation of the equipment or 
component in order that creepage distances be not adversely affected by the accumulation of 
pollution for which they were not designed- 

NOTE Long-term storage has to be taken- into account. 

3.2.1.4 Shape of insulating surface 

Preferably, the surface of solid insulation should include transverse ridges and grooves that 
break the continuity of the leakage path caused by pollution. Likewise, ridges and grooves 
may be used to divert any water away from insulation which is electrically stressed. Joints or 
grooves joining conductive parts should be avoided since they can collect pollution or retain 
water. 

NOTE Long-term storage has to be taken into account. The evaluation of the length of a creepage path is given in 
clause 4.2. 

3.2.1.5 Relationship to clearance 

A creepage distance cannot be less than the associated clearance so that the shortest 
creepage distance possible is equal to the required clearance. However, there is no physical 
relationship, other than this dimensional limitation, between the minimum clearance rn air and 
the minimum acceptable creepage distance. 

Creepage distances less than the clearances required in case A of table 2 may only be used 
under conditions of pollution degrees 1 and 2 when the creepage distance can withstand the 
voltage required for the associated clearance (table 2), The test to demonstrate that the 
creepage distance will withstand the voltage for the associated clearance shall take into 
account the altitude correction factor (see 4.1.1.2). 

Comparison of the minimum clearances and creepage distances specified in this standard is 
described in annex E. 

3.2.2 Dimensioning of creepage distances of functional insulation 

Creepage distances of functional insulation shall be dimensioned as specified in table 4 
corresponding to the working voltage across the creepage distance considered. 

NOTE When the working voltage is used for dimensioning, it may be appropriate to Interpolate values for 
intermediate voltages. 

3.2.3 Dimensioning of creepage distances of basic, supplementary and 
reinforced insulation 

Creepage distances of basic and supplementary insulation shall be selected from table 4 for: 

- the rationalized voltages (see 2.2.1.1) given in columns 2 and 3 of table 3a and columns 
2, 3 and 4 of table 3b, corresponding to the nominal voltage of the supply low-voltage 
mains; 
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- the rated insulation voltage according to 2.2.1.1.1; 

~ the voltage specified in 2.2.1.1.2. 

NOTE For supplementary insulation, the pollution degree, insulating material, 
environmental conditions of use may be different from those for basic insulation. 



mechanical stresses and 



Creepage distances of double insulation are the sum of the values of the basic and 
supplementary insulation which compose the double insulation system. 

Creepage distances for reinforced insulation shall be twice those determined for basic 
insulation from tabfe 4. 

NOTE When dimensioning creepage distances to accessible surfaces of insulating material, such surfaces are 
assumed to be covered by metal foil. Further details can be specified by Technical Committees. 

Table 3a - Single-phase three or two-wire a.c. or d.c. systems 



Nominal voltage 
of the supply system'' 

V 


Voltages rationalized for table 4 


For insulation 
line-to-line ^ 


For insulation 
Hne-to-earth n 


All systems 

V 


Three-wire systems 
mid-point earthed 

V 


12.5 


12,5 




24 
25 


25 




30 


32 




42 

48 

50** 


50 




60 


63 




30-60 


63 


32 


100** 


100 




110 

120 


125 




150** 


160 




220 


250 




110-220 
120-240 


250 


125 


300** 


320 




220-440 


500 


250 


600** 


630 




480-960 


1 000 


500 


1 000** 


1 000 




^> Line-to-earth insulation level for unearthed or impedance-earthed systems equals that 
for line-to-line because the operating voltage to earth of any line can, in practice, 
approach full line-to-line voltage. This is because the actual voltage to earth is 
determined by the insulation resistance and capacitive reactance of each line to earth; 
thus, low (but acceptable) insulation resistance of one tine can in effect earth it and 
raise the other two to full line-to-line voltage to earth. 

For relationship to rated voltage see 2.2.1. 

** These values correspond to the values given in table 1. 
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Table 3b - Three-phase four or three-wire a.c. systems 



Nominal voltage of 
the supply system'' 

V 


Voltages rationalized for table 4 


For insulation 
line-to-line 


For insulation line-to-earth 


All systems 

V 


Three-phase 

four-wire systems 

neutral-earthed^) 

V 


Three-phase three-wire 

systems unearthed^) 

or corner-earthed 

V 


60 


63 


32 


63 


110 
120 
127 


125 


80 


125 


150** 


160 


- 


160 


208 


200 


125 


ZOO 


220 
230 
240 


250 


160 


250 


300** 


320 


- 


320 


380 
400 
415 


400 


250 


400 


440 


500 


250 


500 


480 
500 


500 


320 


500 


575 


630 


400 


630 


600** 


630 


- 


630 


660 
690 


630 


400 


630 


720 
830 


800 


500 


800 


960 


1 000 


630 


1 000 


1 000** 


1 000 


- 


1 000 


1) Line-to-earth irrsulation level for unearthed or impedance-earthed systems equals that for line-to-line 
because the operating voltage to earth of any line can, in practice, approach full line-to-line voltage. 
This is because the actual voltage to earth is determined by the insulation resistance and capacitive 
reactance of each line to earth; thus, low (but acceptable) insulation resistance of one line can in 
effect earth it and raise the other two to full line-to-line voltage to earth. 

2) For equipment for use on both three-phase four-wire and three-phase three-wire supplies, earthed 
and unearthed, use the values for three-wire systems only. 

For relationship to rated voltage see 2.2.1. 

** These values correspond to the values given in table 1. 
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Table 4 - Creepage distances to avoid failure due to tracking 



Voltage 
r.m.s. 1) 

V 


Minimum creepage distances 


Printed 
mate 

Pollutlor 

1 


wiring 
rrial 

1 degree 
2 


Pollution 
degree 

1 


Pollution 
degree 

2 


Pollution 
degree 

3 


All 
material 
groups 

mm 


All 

material 

groups, 

except 

lllb 

mm 


Alt 
material 
groups 

mm 


Material 
group 

1 
mm 


Material 
group 

II 

mm 


Material 
group 

III 

mm 


Material 
group 

mm 


Material 
group 

n 

mm 


Material 
group 

III 2) 

mm 


10 


0,025 


0,04 


0,08 


0,4 


0,4 


0,4 


1 


1 


1 


12.5 


0.025 


0.04 


0.09 


0,42 


0,42 


0,42 


1,05 


1.05 


1,05 


16 


0.025 


0.04 


0,1 


0,45 


0,45 


0,45 


1.1 


1.1 


1,1 


20 


0.025 


0.04 


0.11 


0.48 


0,48 


0,48 


1.2 


1.2 


1,2 


25 


0.025 


0,04 


0.125 


0,5 


0,5 


0,5 


1.25 


1.25 


1,25 


32 


0.025 


0,04 


0.14 


0,53 


0,53 


0.53 


1.3 


1.3 


1.3 


40 


0,025 


0.04 


0.16 


0,56 


0.8 


1.1 


1,4 


1.6 


1,8 


50 


0.025 


0.04 


0,18 


0,6 


0,85 


1.2 


1.5 


1.7 


1,9 


63 


0.04 


0,063 


0,2 


0,63 


0,9 


1,25 


1.6 


1.8 


2 


80 


0,063 


0,10 


0.22 


0,67 


0.95 


1,3 


1.7 


1.9 


2,1 


100 


0.1 


0,16 


0,25 


0,71 


1 


1,4 


1,8 


2 


2,2 


125 


0.16 


0,25 


0.28 


0.75 


1.05 


1,5 


1,9 


2,1 


2,4 


160 


0.25 


0,40 


0.32 


0,8 


1,1 


1.6 


2,0 


2,2 


2,5 


200 


0,4 


0,63 


0.42 


1 


1,4 


2,0 


2.5 


2.8 


3.2 


250 


0.56 


1.0 


0,56 


1.25 


1.8 


2.5 


3,2 


3,6 


4,0 


320 


0,75 


1.6 


0,75 


1,6 


2,2 


3,2 


4,0 


4.5 


5.0 


400 


1 


2,0 


1 


2.0 


2,8 


4.0 


5,0 


5,6 


6.3 


500 


1,3 


2.5 


1.3 


2,5 


3.6 


5 


6.3 


7,1 


8 


630 


1,8 


3,2 


1,8 


3,2 


4.5 


6,3 


8 


9 


10 


800 


2,4 


4.0 


2,4 


4.0 


5,6 


8 


10 


11 


12,5 


1 000 


3,2 


5,0 


3,2 


5.0 


7,1 


10 


12,5 


14 


16 


1 250 






4,2 


6,3 


9 


12.5 


16 


18 


20 


1 600 






5.6 


8 


11 


16 


20 


22 


25 


2 000 






7,5 


10 


14 


20 


25 


28 


32 


2 500 






10 


12,5 


18 


25 


32 


36 , 


40 


3 200 






12,5 


16 


22 


32 


40 


45 


50 


4 000 






16 


20 


28 


40 


50 


56 


63 


5 000 






20 


25 


36 


50 


63 


71 


80 


6 300 






25 


32 


45 


63 


80 


90 


100 


8 000 






32 


40 


56 


80 


100 


110 


125 


10 000 






40 


50 


71 


100 


125 


140 


160 


12 500 






50 3) 


63^) 


90 3) 


125 3> 








16 000 






63 3> 


80 3) 


110 3) 


160 3> 








20 000 






80 3) 


100 3) 


140 3) 


200 ^> 
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Table 4 (continued) 



Voltage 

r.m.s. 1) 

V 


Minimum creepage distances 


Printed 
mate 

Pollutior 

1 


wiring 
mal 

1 degree 
2 


Pollution 
degree 

1 


Pollution 
degree 

2 


Pollution 
degree 

3 


All 
material 
groups 

mm 


All 
material 
groups, 
except 

lllb 

mm 


All 
material 
groups 

mm 


Material 
group 

1 

mm 


Material 
group 

II 

mm 


Material 
group 

III 

mm 


Material 
group 

mm 


Material 
group 

II 

mm 


Material 
group 

III 2) 

mm 


25 000 






100^) 


125 3) 


180 3) 


250 3) 








32 000 






125 3) 


160 3> 


220 3) 


320 3) 








40 000 






160 3) 


200 3) - 


280 3) 


400 3) 








50 000 






200 3) 


250 3) 


360 3) 


500 3) 








63 000 






250 3) 


320 3) 


450 3) 


600 3) 








^^ This voltage is 

- for functional insulation, the working voltage; 

- for basic and supplementary insulation of the circuit energized directly from the supply mains (see 
2.2.1.1.1), the voltage rationalized through table 3a or table 3b, based on the rated voltage of the equipment, 
or the rated insulation voltage; 

- for basic and supplementary insulation of systems, equipnrrent and internal circuits not energized directly 
from the mains (see 2.2.1.1.2), the highest r.m.s. voltage which can occur in the system, equipment or internal 
circuit when supplied at rated voltage and under the most onerous combination of conditions of operation 
within equipment rating. 

2) Material group lllb is not recommended for application in pollution degree 3 above 630 V. 
^^ Provisional data based on extrapolation. Technical committees who have other information based on 
experience may use their dimensions. 



3.3 Requirements for design of solid insulation 

3.3.1 General 

As the electric strength of solid insulation is considerably greater than that of air, it may 
receive little attention during the design of low-voltage insulation systems. On the other hand, 
the insulating distances through solid insulating material are, as a rule, much smaller than the 
clearances so that high electric stresses result. Another point to be considered is that the high 
electric strength of material is seldom made use of in practice. In insulation systems gaps 
may occur between electrodes and insulation and between different layers of insulation, or 
voids may be present in the insulation. Partial discharges can occur in these gaps or voids at 
voltages far below the level of puncture and this may influence decisively the service life of 
the solid insulation. However, partial discharges are unlikely to occur below a peak voltage of 
500 V. 

Of equally fundamental importance is the fact that solid insulation, as compared with gases, is 
not a renewable insulating medium so that, for example, high voltage peaks which may occur 
infrequently can have a very damaging effect on solid insulation This situation can occur 
while in service and during routine high-voltage testing. 

A number of detrimental influences accumulate over the service life of solid insulation. These 
follow complex patterns and result in ageing. Therefore, electrical and other stresses (e.g. 
thermal, environmental) are superimposed and contribute to ageing. 
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The long-term perfGrmance of solid insulation can be simulated by a short-term test in 
combination with suitable conditioning. 

If solid insulation is subjected to high frequencies, the dielectric losses of solid insulation and 
partial discharges become increasingly important. This condition has been observed in 
switched-mode power supplies where the insulation is subjected to repetitive voltage peaks at 
frequencies up to 500 kHz. 

There is no general relationship between the thickness of solid insulation to the aforesaid 
failure mechanisms, therefore the performance of solid insulation can only be assessed by 
testing. It is not appropriate to specify the minimum thickness of solid insulation to achieve 
long-term electric withstand capability. 

3.3.2 Stresses 

The stresses applied to solid insulation are divided into: 

- short-term; 

- long-term. 

Other stresses, see 3.3.2.3, than those listed in 3.3.2.1 and 3.3.2.2 below may be applied to 
solid insulation in use. 

3.3.2.1 Short-term stresses and their effects 

3.3.2.1.1 Voltage 

The electric strength is greatly influenced by the frequency of the applied voltage. Dielectric 
heating and the probability of thermal instability increase approximately in proportion to the 
frequency. The breakdown field strength of insulation having a thickness of 3 mm when 
measured at power frequency according to lEC 60243-1 is between 10 kV/mm and 40 kV/mm. 
Increasing the frequency will reduce the electric strength of most insulating materials. . 

NOTE Further guidance on the influence of higher frequencies is under consideration. 

3.3.2.1.2 Heating 
Heating can cause 

- mechanical distortion due to the release of locked-in stress; 

- softening of thermoplastics at comparatively low temperature-rise above ambient, for 
example temperatures above 60 X; 

- embrittlement of some materials due to loss of plasticiser; 

- softening of some cross-linked materials particularly if the glass transition temperature of 
the material is exceeded; 

- increased dielectric losses leading to thermal instability and failure. 

High temperature gradients, for example during short-circuits, may cause mechanical failure. 

3.3.2.1.3 Mechanical shock 

In the case of inadequate impact strength, mechanical shock may cause insulation failure. 
Failure from mechanical shock could also occur due to reduced impact strength of materials: 

- due to material becoming brittle when the temperature falls below its glass transition 
temperature; 

- after prolonged exposure to high temperature that has caused loss of plasticiser or 
degradation of the base polymer. 
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Technical Committees shall consider this when specifying environmental conditions for 
transportation, storage, installation and use. 

3.3.2.2 Long-term stresses and their effects 

3.3.2.2.1 Partial discharges (PD) 

In air, partial discharges (PD) can occur at peak voltages in excess of 300 V (the Paschen 
minimum). In practice they are unlikely to occur below 500 V. Failure is by gradual erosion or 
treeing leading to puncture or surface flashover. 

Insulation systems have different properties: some can tolerate discharges throughout their 
anticipated life (e.g. ceramic insulators), while others have to be discharge-free (e.g. 
capacitors). Voltage, repetition rate of discharges and discharge magnitude are important 

parameters. 

It is assumed that the PD behaviour is influerrced by the frequency of the applied voHage. It is 
established from accelerated life tests at increased frequency that the time to failure is 
approximately inversely proportional to the frequency of the applied voltage. Hpwever, 
practical experience only covers frequencies up to 5 kHz since, at higher frequencies, other 
failure mechanisms may also be present, for example dielectric heating. 

NOTE The influence of frequency on the PD inception voltage and PD extinction voltage is under investigation. 

3.3.2.2.2 Heating 

Heating causes degradation of the Insulation, for example, by volatilization, oxidation or other 
long-term chemical changes. However, failure is often due to mechanical reasons, for 
example embrittlement, leading to cracking ^nd electric breakdown. This process is 
continuous and cannot be simulated by short-time testing since several thousand hours 
testing time would be required (see lEC 60216). 

3.3.2.2.3 Mechanical stresses 

Mechanical stresses caused by vibration or shock during operation, storage or transportation 
may cause delamination, cracking or breaking-up of the insulating material. 

3.3.2.2.4 Humidity 

The presence of water vapour can influence the Insulation resistance and the discharge 
extinction voltage, aggravate the effect of surface contamination, produce corrosion and 
dimensional changes. For some materials, hi^gh humidity will significantly reduce the electric 
strength. Low humidity can be unfavourable in some circumstances, for example by 
increasing the retention of electrostatic charge and by decreasing the mechanical strength of 
some materials, such as polyamide. 

3.3.2.3 Other stresses 

Many other stresses can damage Insulation and will have to be taken into account by 
Technical Committees. 
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Examples of such stresses are: 

- radiation, both ultraviolet and ionizing; 

- stress-crazing or stress-cracking caused by exposure to solvents or active chemicals; 

- the effect of migration of plasticizers; 

- the effect of bacteria, moulds or fungi; 

- mechanical creep. 

The effect of these stresses is of less importance or they will apply less often but require 
consideration in particular cases. 

3.3.3 Requirements 

3.^.3.1 General 

Solid insulation of basic, supplementary and reinforced insulation shall be capable of durably 
withstanding electrical and mechanical stresses as well as thermal and environmental 
influences which may occur during the anticipated life of the equipment. 

NOTE 1 When considering electrical stresses to accessible surfaces of solid insulation, such surfaces are 
assumed to be covered by metal foil. Further details can be specified by Technical Committees. 

In those instances where working voltages are non-sinusoidal with periodically recurring 
peaks, special consideration shall be given to possi^ble occurrence of partial discharges. 
Similarly, where insulation layers may exist and where voids in moulded insulation may exist, 
consideration shall be given to possible occurrence of partial discharges with resultant 
degradation of solid insulation. 

3.3.3.2 Withstand of voltage stresses 

Technical Committees shall specify which voltage ratings are to be assigned to their 
equipment. 

3.3.3.2.1 Transient overvoltages 

Basic and supplementary insulation shall have 

- an impulse withstand voltage requirement corresponding to the nominal of the mains 
voltage and the relevant overvoltage category according to table 1 (see 2.2.2.2), or 

- an impulse withstand voltage of an internal circuit of an equipment which has been 
specified according to the transient overvoltages to be expected in the circuit (see 
2.2.2.3). 

Reinforced insulation shall have an impulse withstand voltage corresponding to the rated 
impulse voltage but one step higher in the preferred series of values in 2.1.1.2 than that 
specified for basic insulation. If, according to 2.2.2.3.2, the impulse withstand vortage required 
for basic insulation is other than a value taken from the preferred series, reinforced insulation 
shall be dimensioned to withstand 160 % of the value required for basic insulation. 

For verification by testing see 4.1.2.2. 
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3.3.3.2.2 Temporary overvoltages 

Basic and supplementary solid insulation shall withstand the following temporary over- 
voltages: 

- short-term temporary overvoltages of U^ + 1 200 V with durations up to 5 s; 

- long-term temporary overvoltages of L/^ + 250 V with durations longer than 5 s; 

where 

U^ is the nominal line-to-neutral voltage of the neutral-earthed supply system. 

Reinforced insulation shall withstand twice the temporary overvoltages specified for basic 
insulation. 

For verification by testing see 4.1 .2. 

NOTE 1 These values are from lEC 60364-4-442, where Up is called Uq 
NOTE 2 The values are r.m.s. values. 

3.3.3.2.3 Recurring peak voltages 

The maximum recurring peak voltages occurring on the low-voltage mainis can be assumed 
provisionally to be F4 x 42 U^. i.e. 1,1 times the peak value at 11^. Where recurring peak 
voltages are present, the discharge extinction voltage shall be at least: 

- Fi X F4 X V2 L^n. "•©■ ^ >32 V2 Un for each basic and supplementary insulation, and 

- Fi X F3 X F4 X V2 Un. ie- 1 >65 V2 L/n for reinforced insulation. 

NOTE V2 L/p 's in neutral-earthed systems the peak value of the line-to neutral fundamental (undistorted) voltage 
at nominal voltage of mains. The application of the multiplying factors used in this subclause is described in D.4 of 
annex D. 

For explanation of factors F, see 4. 1 .2.4. 

In internal circuits, the hghest recurring peak voltages have to be evaluated in place of F4 x 
V2 L^n and solid insulation shall meet the requirements correspondingly. 

For verification by testing see 4. 1 .2.4. 

3.3.3.2.4 High-frequency voltage 

For voltages with frequencies above power frequency, the influence of frequency according to 
3.3.2.1.1 and 3.3.2.2.1 shall be taken into account. Frequencies above 1 kHz shall be 
considered as high frequencies within the scope of this standard. 

Technical Committees shall specify whether a test according to 4.1.2.5 is necessary. 

3.3.3.3 Withstand of short-term heating stresses 

Solid insulation shall not be impaired by short-term heating stresses which may occur in 
normal and, where appropriate, abnormal use. Technical Committees may specify severity 

levels. 

NOTE standard severity levels are specified in lEC 60068 
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3.3.3.4 Withstand of mechanical stresses 



Solid msulation shall not be impaired by mechanical vibration or shock which can be expected 
in use. Technical Committees may specify severity levels. 

NOTE Standard severity levels are specified in lEC 60068. 

3.3.3.5 Withstand of long-term heating stresses 

Thermal degradation of solid insulation shall not impair insulation coordination during the 
anticipated life of the equipment. Technical Committees shall specify whether a test is 
necessary. (See also lEC 60085 and lEC 60216.) 

3.3.3.6 Withstand of the effects of humidity 

Insulation coordination shall be maintained under the humidity conditions as specified for the 
equipment. (See also 4.1.2.1.) 

3.3.3.7 Withstand of other stresses 

Equipment may be subjected to other stresses, for example as indicated in 3.3.2.3, which may 
adversely affect solid insulation. Technical Committees shall state such stresses and specify 
test methods. 

SECTION 4: TESTS AND MEASUREMENTS 

4.1 Tests 

The following test procedures apply to type testing, so that a possible deterioration of the test 
specimen may be tolerated. It is assumed that further use of the test specimen is not 
intended. 

NOTE 1 If further use of the test specimen is intended or required, particular consideration is necessary by the 
technical committee. In such cases any high-voltage test should be combined with a partial discharge 
measurement according to 4.1.2.4 and annex C. 

The stresses caused by transient overvoltages are assessed by the impulse voltage test, 
which may be substituted by an a.c. voltage test or a d.c. voltage test. Clearances larger than 
case A of table 2 may be verified by measurement or by a voltage test. If they are smaller 
than the values according to the values of case A of table 2, they have to be verified by a 
voltage test. In any case, the ability of solid insulation to withstand transient overvoltages has 
to be verified by a voltage test. 

NOTE 2 While it is possible to substitute an impulse voltage test by an a.c. voltage test or by a d.c. voltage test, it 
is in principle not possible to substitute an a.c. voltage test by an impulse voitage test. The main reasons for this 
are the different propagation of the impulse voltages compared to power frequency voltages, especially in complex 
circuits, and the requirement to test solid insulation with voltages of longer duration. 

4.1 .1 Test for verification of clearances 

4.1.1.1 General 

When electrical equipment is subjected to electric tests for verifying clearances, the test 
shall be in accordance with withstand voltage requirements specified in 3.1. The appropriate 
test for the verification of clearances is the impulse voltage test, but as stated in 3.1.2, an 
impulse voltage test is only required for clearances smaller than case A values of table 2. 
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When verifying clearances within equipment l>y an inripulse voltage test, it is necessary to 
ensure that the specified impulse voltage appears at the clearance. 

NOTE 1 The electric testing of clearances will also stress the associated solid insulation. 
NOTE 2 The relationship between clearances and creepage distances is given in 3.2.1.5. 
NOTE 3 For testing complete equipment, see 4.1.1.3. 

4.1.1.2 Test voltages 

4.1 .1 .2.1 Impulse voltage dielectric test 

The purpose of this test is to verify that clearances will withstand specified transient over- 
voltages. The impulse withstand test is carried out with a voltage having a 1,2/50 ps 
waveform (see figure 1 of lEC 61180-1) with the values specified in table 5. It is intended to 
simulate overvottages of atmospheric origin and covers overvoltages due to switching of low- 
voltage equipment. 

Due to the scatter of the test results of any impulse voltage test, the test shall be conducted 
for a minimum of three impulses of each polarity with an interval of at least 1 s between 
pulses. 

NOTE The output impedance of the impulse generator should not be higher than 500 £2. When carrying out tests 
on equipment incorporating components across the test circuit, a much lower virtual impulse generator impedance 
should be specified (see 9.2 in lEC 61180-2). In such cases, possible resonance effects, which can increase t^e 
peak value of the test voltage, should be taken into account when specifying test voltage values. 

Technical committees may specify alternative dielectric tests according to 4.1.1.2.2. 
Table 5 -Test voltages for verifying clearances at sea level 

The voltage values of table 5 apply for the verification of clearances only. 



Rated impulse voltage 


kV 


Impulsre test voltage at sea level 
U 

kV 


0.33 


0,35 


0.5 


0,55 


0,8 


0,91 


1>5 


1.75 


2,5 


2.95 


4,0 


4.8 


6,0 


7.3 


8.0 


9.8 


12,0 


14.8 


NOTE 1 Explanations concerning the influencing factors (air pressure, altitude, temperature, humidity) with 
respect to electric strength of clearances are given in 4. 1 . 1 .2. 1 .2. 

NOTE 2 When testing clearances, associated solid insulation wilt be subjected to the test voltage. As the 
impulse test voltage of table 5 is increased with respect to the rated impulse voltage, solid insulation will have to 
be designed accordingly. This results in an increased impulse withstand capability of the solid insulation. 
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4.1.1.2.1.1 Selection of impulse test voltage 



If an electric test for insulation coordination of equipment in respect to clearances is required 
(for clearances smaller than case A as specified in table 2), the equipment shall be tested 
with the impulse test voltage corresponding to the rated impulse voltage specified in 
accordance with 2.2.2. The impulse test voltages of table 5 apply. 

For the test conditions, Technical Committees may specify temperature and humidity values. 

Technical Committees should consider whether sampling tests or routine tests have to be 
carried out in addition to type tests. 

4.1.1.2.1.2 Explanations to table 5 

a) Correction factors for impulse voitage testing 

According to 1.1.1, the rated impulse voltage is to be valid for equipment used up 
to 2 000 m above sea level. At 2 000 m, the normal barometric pressure is 80 kPa, while 
at sea level the value is 101,3 kPa. Therefore, the equipment tested at locations lower 
than 2 000 m is tested using higher impure test voltages. Table 5 gives the impulse test 
voltage value for sea level. 

The basis for the calculation of the sea level values and data for determining test values 
for other test locations is as follows: 

The altitude correction factors given in table A.2 of annex A are considered in relation to 
the curve of figure A.I of aanex A. The relationship is as follows: 



/ -I \"^ 



ku- 



where 

d is the clearance under consideration in millimetres; 

/Cu is the altitude factor for voltage correction; 

/Cd is the altitude factor for distance correction (see table 8); 

m is the gradient of the relevant straight line in curve 1 in figure A.I (logarithmic scales 
on the two co-ordinate axes) and has the value. 

0.3262 for 0,01 <d< 0,0625 mm; 
0,6361 for 0,0625 < d < 1 mm; 
0,8539 for 1 < cf< 10 mm; 

0,9243 for 10 < d< 100 mm. 

Applying altitude correction factors for distance correction results in curve 1 of figure A.I, 
the voltages will be changed with four different steps at only one shifting step for distance. 
The mathematical formula 1or this operation is shown above. Table 5 includes this 
calculation as described. 
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Table 8 - Altitude correction factors 



Altitude 

m 


Factor k^ for 
distance correction 





0.784 


200 


0,803 


500 


0,833 


1 000 


0,844 


2 000 


1 



b) General discussion of factors influencing the electric strength of clearances 
The influencing factors are: 

- air pressure; 

- temperature; 

- humidity. 

The relationship between these factors for homogeneous electrical fields is as follows: 

Ud- 24,41 cfK+ 6,73 VdK 

P 293 

101,3 Ar + 293 

where 

Ud is the breakdown voltage in kilovolts 

d is the clearance in centimetres >0,01 cm 

K is the correction for air pressure and temperature 

AT is the difference in kelvins between actual room temperature and T= 20 ^'C 

p is the actual air pressure in kilopascals 

For the purpose of testing, the factors of temperature and humidity have been considered 
negligible. Air pressure variations have been considered for altitude differences only, daily 
changes have been considered negligible. It is considered that these factors can for 
practical purposes be neglected because the data of figure A.I represents the statistically 
determined low limit of the breakdown data. 

When more precise testing conditions are required, the barometric pressure and the 
temperature of the test location may be used in the formula given above. 

4.1 .1 .2.2 Alternatives to impulse voltage dielectric tests 

Technical Committees may specify an a.c. or d.c. voltage test for particular equipment as an 
alternative method. 

While tests with a.c. and d.c. voltages of the same peak value as the impulse test voltage 
specified in table 5 of 4.1.1.2.1.1 verify the withstand capability of clearances, they more 
highly stress solid insulation because the voltage is applied for longer duration. They can 
overload and damage certain solid insulations. Technical Committees should therefore 
consider this when specifying tests with a.c. or d.c. voltages as an alternative to the impulse 
voltage test given in 4.1.1.2.1. 
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4.1.1.2.2.1 Dielectric test with a.t:. voltage 



The waveshape of the sinusoidal power frequency test voltage shall comply with the require- 
ments in 5.2.1 .1 of lEC 61 180-1 and the peak value shall be equal to the impulse test voltage 
of table 5 and applied for three cycles of the a.c. test voltage. 

4.1.1.2.2.2 Dielectric test with d.c. voltage 

The d.c. test voltage shall be ripple-free according to the requirements in 4.2.1.1 of 
lEC 61 180-1, equal to the impulse test voltage of table 5 and applied three times for 10 ms in 
each polarity. 



4.1.1.2.2.3 



Test duration 



A.C. and d.c. tests can degrade the associated solid insulation. If a.c. or d.c. tests are 
chosen, they shall be conducted for a minimum of three cycles in the case of a.c, or three 
times with a duration of 10 ms in each polarity in the case of d.c. A longer test duration does 
not give additional information for insulation coordination of clearances. 



4.1.1.2.3 Dielectric testing with 2 !/„ + ^ 000 V for 1 min 

This test is specified by some Technical Committees but is not relevant for the verification of 
clearances and therefore it is not dealt with in this context. 

4.1.1.2.4 Test for purposes other than insulation coordination 

Technical Committees specifying electric tests for purposes other than verification of 
clearances should not, in principle, specify test voltages higher than those required for 
insulation coordination. 

4.1.1.2.5 Sampling and routine tests 

Sampling tests and routine tests are intended Xo ensure production quality and do not 
generally verify insulation coordination. It is the responsibility of the relevant Technical 
Committee, and in particular of the manufacturer, to specify these tests. They should be 
carried out with the waveforms and voltage levels such that faults are detected without 
causing damage to the equipment (solid insulation or compo^^ents). 



4.1.1.3 Performing dielectric tests on complete equipment 

When performing the impulse voltage test on complete equipment, the attenuation or 
amplification of the test voltage within the equipment shall be taken into account. Surge 
protective devices (SPDs) that bridge basic or reinforced insulation shall be disconnected 
before dielectric testing. 

4.1.1.3.1 Parts to be tested 

The test voltage shall be applied between parts of the equipment which are electrically 
separate from each other. 
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Examples of such parts are: 

- live parts; 

- separate circuits; 

- earthed circuits; 

- accessible surfaces. 

Non-conductive parts of accessible surfaces shall be covered with metal foil. 

NOTE If a complete covering of large enclosures with metal foil is not practicable, a partial covering is sufficient if 
applied to those parts which provide protection against electric shock. 

4.1.1.3.2 Preparation of equipment circuits 

For the test, each circuit of the equipment shall be prepared as follows: 

- external terminals of the circuit, if any, shall be connected together; 

- switchgear and controlgear shall be in the closed position or bypassed; 

- the terminals of voltage blocking components (such as rectifier diodes) shall be connected 
together; 

- components such as RFI filters shall be included in the impulse test but it may be 
necessary to disconnect them during a.c. tests. 

Voltage sensitive components within any circuit of the equipment may be bypassed by 
shorting the terminals. 

Pre-tested ptug-in printed circuit boards and pre-tested modules with multipoint connectors 
may be withdrawn, disconnected or replaced by dummy samples to ensure that the test 
voltage is propagated inside the equipment to the extent necessary for the insulation tests. 

4.1 .1 .3.3 Test voltage values 

Circuits connected to the low-voltage mains are tested according to 4.1.1.2. 

The test voltage between two circuits of the equipment shall have the value corresponding to 
that circuit with the higher rated voltage. 

NOTE As long as insulation coordination is not impaired, a lower insulation level may be specified between 
certain parts of the equipment. Such parts should then be interconnected for the purpose of the test. Subsequently, 
such parts should be tested with respect to each other with the lower test voltage specified. 

4.1.1.3.4 Test criteria 

There shall be no disruptive discharge (sparkover, flashover or puncture) during the test. 
Partial discharges in clearances which do not result in breakdown are disregarded, unless 
otherwise specified by the Technical Committees. 

NOTE It is recommended that an oscilloscope be used to observe the impulse voltage In order to detect disruptive 
discharge. 
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4.1.2 Electric tests for solid insulation 



Solid insulation that may be subjected to mechanical stresses during operation, storage, 
transportation or instaliation shall be tested with respect to vibration and mechanical shock 
before the dielectric testing. Technical Committees may specify test methods. 

NOTE standard test methods are specified in the relevant part of lEC 60068. 

The tests for insulation coordination are type tests. They have the following objectives: 

a) The impulse voltage withstand test to verify the capability of the solid insulation to 
withstand the rated impulse voltage (see 3.3.3.2.1). 

b) The a.c. voltage test to verify the capability of the solid insulation to withstand the short- 
term temporary overvoltage (see 3.3.3.2.2). If the peak value of the a.c. test voltage is 
equal to or higher than the rated impulse voltage, the impulse voltage test is covered by 
the a.c. voltage test. 

Solid insulation has a different withstand characteristic compared to clearances if the time 
of stress is being increased. In general the withstand capability will be decreased 
significantly. Therefore the a.c. voltage test, which is specified for the verification of the 
withstand capability of solid insulation, is not allowed to be replaced by an impulse voltage 
test. 

c) The partial discharge test to verify that no partial discharges are maintained in the solid 
insulation: 

- at the highest steady-state voltage; 

- at the long-term temporary overvoltage (see 3.3.3.2.2); 

- at the recurring peak voltage (see 3.3.3.2.3). 

d) The high-frequency voltage test to verify the absence of failure due to dielectric heating 
according to 3.3.3.2.4. 

Teclrnical committees shall specify which type tests are required for the respective stresses 
occurring in the equipment. 

Partial discharge tests for solid insulation shall be specified if the peak value of the voltages 
listed under c) exceeds 700 V and if the average field strength is higher than 1 kV/mm. The 
average field strength is the peak voltage divided by the distance between two parts of 
different potential. 

The above tests may also be suitable as sample or routine tests. It is, however, the 
responsibility of the technical committees to specify which tests shall be performed as sample 
and routine tests in order to ensure the quality of the insulation during production. The tests, 
and conditioning as appropriate, shall be specified with test parameters adequate to detect 
faults without causing damage to the insulation. 

When performing tests on complete equipment, the procedure of 4.1.1.3 applies. 
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4.1.2.1 Conditioning 

If not otherwise specified, the test shall be performed with a new test specimen. Conditioning 
of the specimen by temperature and humidity treatment is intended to 

- represent the most onerous normal service conditions, 

- expose possible weaknesses which are not present in the new condition. 

Table 6 - Severities forconditioning of solid insulation 



Test 


Temperature 

°C 


Relative humidity 

% 


Time 

h 


Number of 
cycles 


a) Dry heat 


+55 


- 


48 


1 


b) Dry heat cycle 


-10 to +55 


- 


Cycle duration 
24 


3 


c) Thermal shock (rapid change 
of temperature) 


-10 to +55 


- 


3) 




d) Damp heat 


25 1) 
40 2) 


93 
93 


96 
96 


1 
1 


^' This temperature appears in several standards, e.g. lEC 60335-1, lEC 60669-1 and lEC 60730-1. 

2^ Standard temperature of damp heat test appears in lEC 60068-2-3. 

^' Duration of the temperature change depends on the thermal time constant of the test specimen, 
see 1 EC 60068-2-14. 



Technical committees shall specify the appropriate conditioning method from the following 
recommended methods: 

a) dry heat (lEC 60068-2-2), in order to achieve a stable condition which may not exist 
immediately after manufacture; 

b) dry heat cycle (lEC 60068-2-2), in order to induce the creation of voids which could 
develop in storage, transportation and normal use; 

c) thermal shock (lEC 60068-2-14), in order to induce delamination within the insulation 
system which may develop in storage, transportation and normal use; 

d) damp heat (lEC 60068-2-3), in order to evaluate the effect of water absorption on the 
electric properties of the solid insulation. 

For impulse voltage, a.c. power frequency voltage and high frequency voltage tests, the most 
significant conditioning methods are those in a) and d). For partial discharge testing, the 
conditioning methods b) and c) are most relevant. 

If conditioning of solid insulation is required, it shall be performed prior to type testing. The 
values of temperature, humidity and time shall be selected from table 6. 

It may be appropriate to subject components, for example electrical parts, sub-assemblies, 
insulating parts and materials, to conditioning before electric testing. When components have 
already been type tested according to this subclause, such conditioning is not required. 



38 



IS 15382 (Part 1) : 2003 
lEC 60664-1 (2002) 

4.1.2.2 Impulse voltage test 

4.1.2.2.1 Test method 

The methods for impulse voltage testing of 4.1.1.2,1 apply also to solid insulation, except that 
the altitude correction factors are not applicable. The test shall be conducted for five impulses 
of each polarity with an interval of at least 1 s between impulses. The waveshape of each 
impulse shall be recorded (see 4.1.2.2.2). 

4.1 .2.2.2 Acceptance criteria 

No puncture or partial breakdown of solid insulation shall occur during the test, but partial 
discharges are allowed. Partial breakdown will be indicated by a step in the resulting 
waveshape which will occur earlier in successive impulses. Breakdown on the first impulse 
may either indicate a complete failure of the insulation system or the operation of overvoltage 
limiting devices in the equipment. 

NOTE 1 If overvoltage Irmiting devices are included in the equipment, care must be taken to examine the 
waveshape to ensure that their operation is not taken to indicate insukition failure. Distortions of the impulse 
voltage which do not change from impulse to impulse may be caused by operation of such overvoltage limiting 
device and do not indicate a (partial) breakdown of solid insulation. 

NOTE 2 Partial discharges in voids can lead to partial notches of extremely short durations which may be 
repeated in the course of an impulse. 

4.1.2.3 A.C. power frequency voltage test 

4.1.2.3.1 Test method 

For basic insulation and supplementary insulation, the test voltage has the same value as the 
short-term temporary overvoltage. For reinforced insulation, the test voltage is twice the value 
used for basic insulation. 

The a.c. test voltage shall be raised uniformly from V to the value specified in 3.3.3.2.2 
within not more than 5 s and held at that value for 5 s. 

In some cases the a.c. test voltage may be substituted by a d.c. test voltage of a value equal 
to the peak value of the a.c. voltage. 

Test equipment is specified in lEC 61 180-2. It is recommended that the short-circuit output 
current of the generator is not less than 200 mA. The generator shall not trip at a current of 
less than 100 mA. 

NOTE For routine testing, the tripping current may be adjusted to lower levels but not less than 5 mA. 

4.1 .2.3.2 Acceptance criteria 

No breakdown of solid insulation shall occur. 

4.1.2.4 Partial discharge test 

Partial discharge test methods are described in annex C. When performing the test, the 
following multiplying factors apply. 

F^ - Basic safety factor for PD testing and dimensioning basic and supplementary insulation. 
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The PD extinction voltage may be influenced by environmental conditions, such as 
temperature. These influences are taken into account by a basic safety factor Fi of 1,2. The 
PD extinction voltage for t>asic or supplementary insulation is therefore at least 1 ,2 L^rp. 

F2 - PD hysteresis factor. 

Hysteresis occurs between the PD inception voltage U\ and the PD extinction voltage Uq. 
Practical experience shows that F2 is not greater than 1,25. For basic and supplementary 
Insulation, the initial value of the test voltage is therefore F-t x F2 x U^p, i.e. 1,2 x 1,25 U^p = 
1,5 Urp- 

NOTE This takes into account that PD might be initiated by transient overvoltages exceeding U^^ anrd could be 
maintained, for example, by values of the recurring peak voltage exceeding Uq. This situation would require the 
combination of impulse and a.c. voltages for the test, which is impractical. Therefore, an ax. test is performed with 
an initially increased voltage. 

F3 - Additional safety factor for PD testing and dimensioning reinforced insulation. 

For reinforced insulation a more stringent risk assessment is required. Therefore, an 
additional safety factor F3 = 1,25 is required. The initial value of the test voltage is F^ x F2X 
F3X Urp, i.e. 1,2 X 1.25 X 1,25 L^rp = 1.875 Urp- 

F4 - Factor covering the deviation from the nominal voltage L^n of the low-voltage mains. 

For circuits connected to tire low-voltage mains, this factor takes into account the maximum 
deviation of the mains voltage from its nominal value. Therefore the crest voltage at nominal 
voltage Up is to be multiplied by F4 = 1,1. 

4.1.2.4.1 General 

The test is to verify that no partial discharges are maintained at the highest of the following 
values: 

- the peak value of the maximum steady-state voltage; 

- the peak value of the long-term temporary overvoltage (see 3.3.3.2.2); 

- the recurring peak voltage (see 3.3.3.2.3). 

NOTE For cases where, additionally, the actual values of PD inception and extinction voltage are of interest, the 
measuring procedure is described in D.1 of annex D. 

When testing, the PD test is generally applied to components, small assemblies and small 
equipment. When testing complex equipment, care must be taken to allow for excessive 
attenuation of PD signals when measured at the equipment terminals. 

The minimum required discharge extinction voltage shall be higher, by the factor F^, than the 
highest of the voltages listed above. 

According to the kind of test specimen, Technical Committees shall specify 

- the test circuit (C.1.1 of annex C); 

- the measuring equipment (C.3 of annex-C and D.2 of annex D); 

- the measuring frequency (C.3.1 of annex C and D.3.3 of annex D); 

- the test procedure (4. 1 .2,4,2), 
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4.1.2.4.2 Test procedure 



The value of the test voltage Ui is 1,2 times the required partial discharge extinction voltage 
Ue- According the partial discharge hysteresis (see 4.1.2.4.1) an initial value of 1,25 times the 
test voltage shall be applied. 

The voltage shall be raised uniformly from V up to the initial test voltage F2 x Ut, i.e. F^ x F2 
= 1,2 X 1,25 = 1,5 times the highest of the voltages listed under 4.1.2.4.1. It is then kept 
constant for a specified time f-t not exceeding 5 s. If no partial discharges have occurred, the 
test voltage is reduced to zero after t^. If a partial discharge has occurred, the voltage is 
decreased to the test voltage L^t, which is kept constant for a specified time ^2 until the partial 
discharge magnitude is measured. 



U a 



1,25 Ut 



Ui 






Figure 2 - Test voltages 



4.1.2.4.3 Acceptance criteria 

4.1.2.4.3.1 Specified discharge magnitude 

As the objective is to have no continuous partial discharges under normal service conditions, 
the lowest practicable value following D.3 of annex D shall be specified. 

NOTE 1 Except for discharges caused by corona discharges in air (e.g. in non-moulded transformers), values in 
excess of 10 pC are not suitable. 

NOTE 2 Values as small as 2 pC are possible with currently available apparatus. 

The noise level shall not be subtracted from the reading of the partial discharge meter. 
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4.1.2.4.3.2 Test result 

The solid insulation complies if 

- no insulation breakdown has occurred, and 

- during the application of the test voltage, partial discharges have not occurred, or after f2 
the magrritude of the discharge is not higher than specified. 

4.1.2.5 High frequency voltage test 

For high frequency voltages according to 3.3.3.2.4, additional or alternative a.c. voltage tests 
according to 4.1.2.3 or partial discharge tests according to 4.1.2.4 may be necessary. 

NOTE Information about the withstand characteristics of insulation at high frequency and methods of testing is 
given in lEC 60664-4. 

4.1 .2.6 Test sequence 

When more than one individual test is required by the Technical Committee, they shall be 
performed in the following sequence: 

a) Impulse voltage test according to 4.1.2.2; 

b) AC power frequency voltage test according to 4.1.2.3; 

c) Partial discharge test according to 4.1.2.4. 

However it is permissible to combine the partial discharge test with the a.c. power frequency 
voltage test. 

NOTE In special cases, for certain equipment an a.c. power frequency voltage test with peak voltages equal to 
the impulse voltages may be preferred to the impulse test. Note, however, that this will be more onerous to the 
equipment, see also 4.1.1. 

4.2 Measurement of creepage distances and clearances 

The dimension X, specified in the following examples, has a minimum value depending on the 
pollution degree as follows: 



Pollution degree 


Dimension X minimum value 


1 


0,25 mm 


2 


1,0 mm 


3 


1,5 mm 



If the associated clearance is less than 3 mm, the minimum dimension X may be reduced to 
one third of this clearance. 

The methods of measuring creepage distances and clearances are indicated in the following 
examples 1 to 11. These cases do not differentiate between gaps and grooves or between 
types of insulation. 

The following assumptions are made: 

- any recess is assumed to be bridged with an insulating link having a length equal to the 
specified width X and being placed in the most unfavourable position (see example 3); 

- where the distance across a groove is equal to or larger than the specified width X, the 
creepage distance is measured along the contours of the groove (see example 2); 

- creepage distances and clearances measured between parts which can assume different 
positions in relation to each other, are measured when these parts are in their most 
unfavourable position. 
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Example 



<Xmm 



— ^■ 


— 1^ 


1 ^—^— . — ———». 


— M^*— MM»M^^^«f'''*^'''^1 




[ 1 ^' ■ 



Condition: Path under consideration includes a paraltel- 
or converging-sided groove of any depth 
with a width less than X mm. 



Rule: Creepage distance and clearance are 

measured directly across the groove as 

shown. 



2 

Example 

> Xmm 




Condition: Path under consideration includes a parallel- 
sided groove of any depth and equal to or 
more than X mm. 



Rule: Clearance is the "line of sight" distance. 

Creepage path follows the corttour of the 
groove. 



3 
Example 




Condition: Path under consideration includes a V- 
shaped groove with a width greater than X 
mm. 

Rule: Clearance is- the "line of sight" distance. 

Creepage path follows the contour of the 
groove but "short-circuits" the bottom of the 
groove by X mm link. 



Clearance 
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4 
Example 




Condition: Path under consideration includes a rib. 



Rule: Clearance is the shortest direct air path over 

the top of the rib. Creepage path follows the 
contour of the rib. 



5 
Example 



< Xmm 



< Xmm 




Condition: Path under consideration includes an 
uncemented joint with grooves less than X 
mm wide on each side. 

Rule: Creepage and clearance path is the "line of 

sight" distance shown. 



6 
Example 



> Xmm 



> Xmm 




Condition: Path under consideration includes an 
uncemented joint with grooves equal to or 
more than X mm wide on each side. 

Rule: Clearance is the "line of sight" distance. 

Creepage path follows the contour of the 
grooves. 



Clearance 
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7 
Example 



> Xmm 



<Xf 




Condition: Path under consideration includes an 
uncemented joint with a groove on one~ side 
less than X mm wide and the groove on the 
other side equal to or more than X mm wide. 

Rule: Clearance and creepage paths area as 

shown. 





8 


Example 


• 
• 
^ 
• 

^ 


■s. 


1 r 


f 1 




^;•^:■^^:o:•:-^^v:.:.vvXv^^;•>^i:•J | 


•:.:: (a . , 









Condition: Creepage distance through uncemented joint 
is less than creepage distance over barrier. 



Rule: Clearance is the shortest direct air path over 

the top of the barrier. 



Clearance 



^■■^^■il^A'!U:.^Ji5. 



Creepage distance 
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9 
Example 



> Xmm 





Z— ^baa T 



Gap between head of screw and wall of recess wide 
enough to be taken into account. 



10 
Example 




Gap between head of screw and wall of recess too 
narrow to be taken into account. 

Measurement of creepage distance is from screw to wall 
when the distance is equal to X mm. 



Clearance 



A-^Vr'VVfflmy^'a S 



Creepage distance 
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11 
Example 



C floating part 
d I O 




Clearance is the distance - d + D 
Creepage distance is also - cf -*> D 



Clearance 



SSS2ESaSSBS 



Creepage distance 
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Annex A 

(informative) 



Basic data on withstand characteristics of clearances 

Tableau A.I - Withstand voltages in kilovolts for 
an altitude of 2 000 m above sea level 



Clearance 


Case A 
Inhomogeneous field 


Case B 
Homogeneous field 


A.C. 

(50/60 Hz) 


Impulse 
(1,2/50) 


A.C. 
(50/60 Hz) 


A.C. 

(50/60 Hz) and 

impulse (1,2/50) 


mm 


Ur.m.s. 








U r.m.s. 





0,010 

0,012 

0,015 

0,020 

0,025 

0,030 

0,040 

0,050 

0,0625 

0,080 


0,23 
0,25 
0,26 
0,28 
0,31 
0.33 
0,37 
0.40 
0,42 
0,46 


0,33 

0,35 

0,37 

0,40 

0,44 

0,47 

0.52 

0,56 

0,60 + 

0.65 


0,33 

0,35 

0,37 

0,40 

0,44 

0,47 

0,52 

0,56 

0.60 + 

0,70 


0.23 
0.25 
0.26 
0,28 
0,31 
0.33 
0,37 
0,40 
0.42 
0.50 


0,33 

0,35 

0,37 

0,40 

0,44 

0,47 

0,52 

0,56 

0,60 + 

0,70 


0,10 
0,12 
0,15 
0,20 
0,25 
0,30 
0,40 
0,50 
0,60 
0,80 


0,50 
0,52 
0.57 
0.62 
0,67 
0,71 
0,78 
0,84 
0,90 
0,98 


0,70 
0.74 
0.80 
0.88 
0.95 
1,01 
1,11 
1,19 
1,27 
1,39 


0,81 

0,91 

1,04+ 

1,15 

1,23 

1.31 

1,44 

1,55 

1,65 

1,81 


0.57 
0,64 
0.74 
0.89 
1.03 
1,15 
1,38 
1.59 
1,79 
2,15 


0,81 
0,91 
1.04 
1,26 
1.45 
1,62 
1,95 
2,25 
2,53 
3.04 


1,0 
1.2 
1,5 
2,0 
2,5 
3,0 
4,0 
5,0 
6,0 
8,0 


1,06 
1,20 
1,39 
1.68 
1,96 
2,21 
2,68 
3,11 
3,51 
4,26 


1,50+ 

1,70 

1,97 

2,38 

2,77 

3,13 

3,79 

4,40 

4,97 

6,03 


1.95 
2,20 
2.56 
3,09 
3,60 
4,07 
4,93 
5,72 
6,46 
7,84 


2,47 
2,89 
3,50 
4,48 
5,41 
6,32 
8,06 
9,76 
11.5 
14.6 


3,50+ 

4.09 

4,95 

6,33 

7,65 

8.94 

11,4 

13.8 

16,2 

20,7 


10,0 
12,0 
15,0 
20,0 
25,0 
30,0 
40,0 
50,0 
60,0 
80,0 


4,95 
5,78 
7,00 
8,98 
10,8 
12,7 
16,2 
19.6 
22,8 
29,2 


7,00+ 

8,18 

9,90 

12.7 

15,3 

17,9 

22,9 

27,7 

32,3 

41,3 


9,10 
10.6 
12.9 
16.4 
19,9 
23,3 
29,8 
36,0 
42,0 
53.7 


17.7 
20,9 
25.7 
33,5 
41,2 
48,8 
63,6 
78.5 
92,6 
120,9 


25,0+ 

29.6 

36,4 

47,4 

58,3 

69,0 

90,0 

111,0 

131.0 

171.0 


100,0 


35.4 


50,0+ 


65,0 


148,5 


210,0+ 



For simplification, the statistical measured values according to table A.1 above are replaced by straight lines 
between the values marked "+" in a double logarithmic diagram taking Into account the correction factors from m 
to 2 OOP m altitude. The intermediate values are taken from that diagram (see figure A.I) so that they enclose the 

measured values with a small safety margin. The values of U r.m.s. are found by dividing the values of byV2 . 
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Table A. 2 - Altitude correction factors 



Altitude 


Normal 


Multiplication factor 




barometric pressure 


for clearances 


m 


kPa 




2 000 


80.0 


1,00 


3 000 


70,0 


1.14 


4 000 


62,0 


1,29 


5 000 


54,0 


1,48 


6 000 


47.0 


1.70 


7 000 


41.0 


1,95 


8 000 


35,5 


2,25 


9 000 


30.5 


2,62 


10 000 


26,5 


3,02 


15 000 


12,0 


6.67 


20 000 


5,5 


14,5 
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Figure A.i - Withstand voltage at 2 000 m above sea level 
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2 = Low limits for (71,2/50 
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4 = Low limits for U50 Hz 

Figure A. 2 - Experimental data measured at approximately sea level 
and their low limits for inhomogeneous field 
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1 = t;i,2/50 according to ET2-B, 1976 P. 300-302 

2 = 050 Hz according to Electra, 1974 P.61-82 

3 = Low limits for Ul ,2/50 and C/50 Hz 

Figure A. 3 - Experimental data measured at approximately sea level 
and their low limits for homogeneous field 
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Annex B 

(informative) 



Nominal voKages of supply systems for different modes 
of overvoltage control 



Table B.1 - Inherent control or equivalent protective control 



Voltage 
line-to- 
neutral 
derived 

from 
nominal 
voltages 
a.c. or d.c. 
up to and 
including 

1) 
V 


Nominal voltages presently used In the world 










Three-phase 
four-wire 
systems 

with earthed 
neutral 


Three-phase 

three-wire 

systems 

unearthed 


Single- 
phase 
two-wire 
systems 
a.c. or d.c. 

r— 1 

V 


Single- 
phase 
three-wire 

systems 
a.c. or d.c. 

V 


Rated Impulse voltage 
for equipment 

1) 

V 


r 


t 


il 


i 


i 




III 


1 1 1 

V 


V 


< 
1 


3vervolta( 
II 


}e catego 
III 


IV 


50 






12,5 24 
25 30 
42 48 


30-ao 


330 


500 


800 


1 500 


100 


66/115 


66 


60 




500 


800 


1 500 


2 500 


160 


120/208* 
127/220 


115, 120, 
127 


110, 120 


110-220 
120-240 


800 


1 500 


2 500 


4 000 


300 


220/380, 230/400 
240/415, 260/440 
477/480 


220, 230, 240 
260, 277,347- 
380, 400.416 
440.480 


220 


220-440 


1 500 


2 600 


4 000 


• 6 000 


600 


347/600, 380/660 
400/690,417/720 
480/830 


500, 577, 600 


480 


480-960 


2 500 


4 000 


6 000 


8 000 


1 000 




660 

690, 720 
830, 1 000 


1 000 




4 000 


6 000 


8 000 


12 000 


1) These columns are taken from table 1 in which the rated impulse voltage values are specified. 
* Practice in the United States of America and in Canada. 
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Table B.2 - Cases where protective control is necessary and control is provided by 

surge arresters having a ratio of clamping voltage to rated voltage 

not smaller than that specified by lEC 60099-1 



Voltage 
line-to- 
neutral 
derived 

from 
nominal 
voltages 
ax. or d.c. 
up to and 
Including 

1) 

v 


Nominal voltages presently used In the world 










Three-phase 
four-wire 
systems 

with earthed 
neutral 


Three-phase 

three-wire 

systems 

earthed or 
unearthed 


Single- 
phase 
two- wire 
systems 
a.c. or d.c. 

V 


Single- 
phase 
three*wlre 

systems 
a.c. or d.c. 

m 

V 


Rated impulse voltage 
for equipment 

1) 
V 


r 




i 


i 




Vc; 


III 

V 


V 


Overvoltage category 
1 II III IV 


50 






12.5 24 
25 30 
42 48 


30-60 


330 


500 


800 


1 500 


100 


66/115 


66 


60 




500 


800 


1 500 


2 500 


150 


120/208* 
127/220 


115, 120. 127 


110. 120 


110-220 
120-240 


800 


1 500 


2 500 


4 000 


300 


220/380, 230/400 
240/415,260/440 
477/480 


220, 230, 240 
260. 277 


220 


220-440 


1 500 


2 500 


4 000 


6 000 


600 


347/600. 380/660 
400/690. 417/720 
480/830 


347. 380. 400 
415,440,480 
500, 577. 600 


480 


480-960 


2 500 


4 000 


6 000 


8 000 


1 000 




660 

690, 720 
830. 1 000 


1 000 




4 000 


6 000 


8 000 


12 000 


1) These columns are taken from tabLe 1 in which the rated impulse voltage values are specified. 
* Practice in the United States of America and in Canada. 
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Annex C 

(informative) 

Partial discharge test methods 

This annex has the status of a technical report (Type 2) in the meaning of a "prospective 
standard for provisional application" in the field for insulation coordination in electrical 
equipment because there is an urgent need for guidance on how standards in this field should 
be used where there is a need of verifying that solid insulation is free of partial discharges. 



C.I Test circuits 

One of the following test circuits shall be used. However, other test circuits shown in 
lEC 60270* may be used as long as they perform In the same way. 

NOTE For an explanation of the basic operation, see D.2 of annex D. 
C.1 .1 Test circuit for earthed test specimen 

z 



1 



o 



Ui = test voltage 

Z = filter 

Ca - test specimen (usually it can be regarded as a capacitance) 

C,( = coupling capacitor 

Zf„ - measuring impedance 

Figure C.1 - Earthed test specimen 
0.1. 2 Test circuit for uneartlied test speicimen 



> 



rr?— — ? — f' 

n 



1. 



o 



Figure 0.2 - Uneartlied test specimen 



lEC 60270:1981, Partial discharge measurements. 
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C.I. 3 Selection criteria 

Basically both circuits are equivalent. However the stray capacitances of the test specimen 
have a different influence upon sensitivity. The earth capacitance of the high-voltage terminal 
of the test specimen tends to reduce the sensitivrty of the circuit: according to C. 1.1 and tends 
to increase the sensitivity of the circuit according to C.I. 2 which therefore should be 
preferred. 

C.I. 4 Measuring impedance 

The measuring impedance shall provide a negligibly low voltage drop at test frequency. The 
impedance for the measuring frequency shall be selected in order to provide a reasonable 
sensitivity according to D.2 of annex D. 

If voltage limiting components are used they shall not be effective within the measuring range. 

C.I. 5 Coupling capacitor C^ 

This capacitor shall be of low Inductance type with a resonant frequency in excess of 3 iz (see 
0.3). It shall be free of partial discharges up to the highest test voltage used. 

C.1.6 Filter 

It is not mandatory. If used, its impedance shall be high for the measuring frequency. 

C.2 Test parameters 

Technical Committees shall specify: 

- the frequency ft of the test voltage (C.2.1); 

- the specified discharge magnitude (4.1.2.4.3.1); 

- -the climatic conditions for the PD test (C.2. 2). 

NOTE It may be necessary to have different specifications for the type test and the routine test. 

C.2.1 Requirements for the test voltage 

Normally a.c. voltages are used. The total harmonic distortion shall be less than 5 %. 

NOTE Low distortion of the sine wave allows the use of standard voltmeters and the calculation of the peak value 
from the r.m.s. reading. In the case of higher distortion, peak voltmeters are to be used. 

Tests are normally made at power frequency. If other frequencies are present in the 
equipment, Technical Committees shall consider the possible effect of frequency on discharge 
magnitude. 

NOTE PD testing with d.c. voltage is not recommended because of the difficulty of achieving an environment 
which is completely free of electrical noise. In addition it should be noted that the voltage distribution is greatly 
different for a.c. and d.c. 

C.2.2 Climatic conditions 

It is recommended to perform the test at room temperature and average humidity (23 *C, 
50 % r.h., see 2.2.3 of lEC 60068-1). 
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C.3 Requirements for measuring instruments 

C.3.1 General 

Both wide-band and narrow-band charge measuring instruments may be used (see C.3. 3). 
Radio interference voltmeters may only be used according to the precautions given in C.3. 2. 

The lower limit of the measuring frequency is determined by the frequency ft of the test 
voltage and the frequency characteristic of the measuring impedance Z^ (see C.1.4). It 
should not be lower than 10 f^. 

The upper limit of the measuring frequency is determined by the shape of the PD pulses and 
the frequency response of the test circuit. It should not be higher than 2 MHz. For narrow- 
band PD meters the measuring frequency should be selected with regard to narrow-band 
noise sources (see annex D, D.3.3). 

NOTE Narrow-band PD meters are recommended. 



0.3.2 Classification of PD meters 

The current through the measuring impedance 
proportional to Qm (see figure D.1 of annex D). 



Zm is integrated to provide a reading 



The integration can be effected by the measuring impedance. In this case it shall represent a 
capacitance for all frequencies above the lower limit of the measuring frequency. The voltage 
across the capacitance, which is proportional to Qm> is amplified by a pulse amplifier. Periodic 
discharging shall also be provided. 

If the measuring impedance is resistive for all frequencies above the lower limit of the 
measuring frequency, the integration shall be done within the pulse amplifier. 

Single pulses shall be measured and the pulse with the maximum amplitude shall be 
evaluated. In order to limit errors due to pulse overlap, the pulse resolution time shall be less 
than 100 ^is. 

Radio interference meters are narrow-band peak voltage meters. They are used to measure 
interference of radio signals. They incorporate a special filter circuit which creates 
dependency of the reading on the pulse repetition rate according to the subjective effect of 
noise to the human ear. 

For measuring partial discharges, radio interference meters may only be used if the filter 
circuit is disconnected. Also a suitable measuring impedance is required. 



C.3. 3 Bandwidth of the test circuit 

Usually the PD meter limits the bandwidth of the test 
according to their bandwidth as wide-band or narrow-band. 



circuit. PD meters are classified 



a) The lower and the upper cut-off frequencies f^ and (2 are those where the frequency 
response has dropped by 3 dB of the constant value in the case of a wide-band meter and 
by 6 dB from the peak value in the case of a narrow-band meter. 
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b) For narrow-band meters the nneasuring frequency (q is identical with the resorrance peak 
in the frequency response. 

c) The bandwidth Af is: 

Af^f2''f^ 

For wide-band meters, Af is in the same order of magnitude as ^2- For narrow-band 
meters, Af is much less than (q. 



C.4 Calibration 

C.4.1 Calibration of discharge magnitude before the noise level measurement 

The calibration of the test circuit (figure 0.3 or figure 0.4) shall be carried out at the specified 
discharge magnitude replacing the test specimen Cg by a capacitor Cx which exhibits no 
partial discharge. The impedance of the capacitor Cx shall be similar to that of the test 
specimen Cg- 

NOTE Any liquid impregnated capacitor of good quality is adequate. Dry type capacitors however are likely to 
discharge at the test voltage. 

The transformers shall be adjusted according to the specified PD test voltage but not 
energized and their primary windings shall be short-circuited. The specified discharge 
magnitude shall be applied to the terminals of the capacitor by means of the calibration pulse 
generator. The indication of the discharge magnitude on the discharge detector shah be 
adjusted to correspond with the calibration signal. 




Calibration pulse generator 



Figure C.3 - Calibration for earthed test specimen 
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■^HIZZZl — zr 




"^ * Calibration pulse generator 



Figure C.4 - Calibration for unearthed test specimen 

C.4.2 Verification of the noise level 

With the arrangement used in C.4.1 the PD test voltage shall be raised up to the highest test 
voltage. The maximum noise level shall be less than 50 % of the specified discharge 
magnitude. Otherwise measures according to D.3 of annex D are required. 

C.4.3 Calibration for the PD test 

With the test specimen in circuit, the procedure of 0.4.1 shall be repeated. 

Changes in test circuit or test specimen require recalibration. In the case of many similar test 
specimens, occasional recalibration may be sufficient if: 

- the impedance of the coupling capacitor is less than 1/10 of that of the test specimen, or 

- the impedance of the test specimen does not deviate from the value during calibration by 
more than ±10 %. 

NOTE V\/hen specifying tinne intervals for recalibration, Technical Committees shall consider that, In case of 
insufficient sensitivity at the PD meter, potentially harmful discharges cannot be detected. 

C,4.4 Calibration pulse generator 

Basically it conststs of a small capacitance Co which has been charged io Uq. 

The current pulses caused by the pulse generator should have a rise time of less than 0,03 / 
^2- Co shall have no higher value than 0,1 Cr. The tail time of the pulse should be greater than 
100 ^s. 

To verify the performance of the PD meter, it shall be calibrated in all measuring ranges. The 
measuring impedance and the connecting cables shall be included in the procedure. 

The following characteristics should be checked: 

- the precision and the stability of the calibration pulse generator; 

- the reading for pulses of different amplitudes at a pulse repetition rate of 100 Hz; 

- the pulse resolution time by using pulses of constant amplitude and increasing repetition 
rate; 

- the lower and upper cut-off frequencies fi and /2. 

This procedure shall follow each time repairs are carried out on the PD meter but it should in 
any case take place at least once a year. 
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Annex D 

(informative) 



Additional information on partial discharge test metjiods 



D,1 Measurement of PD inception and extinction voltage 

The test voltage is increased from a value below the partial discharge inception voltage until 
partial discharges occur (PD inception voltage L/j). After further increase of the test voltage by 
10 %, the voltage is decreased until PD is smaller than the specified discharge magnitude 
(PD extinction voltage Uq)- Thereby the insulation test voltage specified for the test specimen 
may not be exceeded. 

NOTE It may occur that tKe partial discharge extinction voltage is influenced by the time of the voltage stress with 
values exceeding the partial discharge inception voltage. During successive measurements, both Uj and U^ may be 
influenced. 

This procedure is appropriate for investigation measurements. 



D.2 Description of PD test circuits 

Each circuit consists of the following devices: 

- the test specimen Cg (in special cases it may also be an impedance Zg); 

- the coupling capacitor Ck; 

- the measuring circuit consisting of measuring impedance Z^, the connecting cable and the 
PD meter; 

- optionally a filter Z to reduce charge being bypassed by the test voltage source. 



1 *- 




:^vi 



%3 



I 

T 



Ut = test voltage q\ 

Z = filter q 

S = PD current source Qm 

Cg = capacitance of the test specimen Qvi 

C^ = coupling capacitor 9^2 

Z^ = measuring impedance Qv3 

Cg = earth stray capacitance 

Figure D.1 - Partial discharge test circuits 



= internal charge (not measurable) 

= apparent charge 

= measurable charge 

= charge loss across the test specimen 

= charge toss acr-ess the test voltage source 

= charge loss across the earth stray capacitance 
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The direct measurement of the apparent charge q would requira a short circuit at the 
terminals of the test specimen for the measuring frequency. This condition can be 
approximated by: 

- Ck>(Ca + Ce); 

- high impedance Z; 

- low measuring impedance Z^. 

Otherwise significant charge losses Qv2 ^rid (7^3 may occur. These charge losses are taken 
into account by the calibration but they will limit the sensitivity. The situation is aggravated if 
the test specimen has a high capacitance. 

D.3 Precautions for reduction of noise 

D.3.1 General 

The results of PD measurements may be greatly influenced by noise. Such noise may be 
introduced by conductive coupling or by electromagnetic interference. In unscreened 
industrial test sites, single charge pulses as high as 100 pC may occur due to noise. Even 
under favourable conditions, not less than 20 pC may be expected. 

A noise level as low as 1 pC may be achieved, but this will require screening of the test 
circuit, careful earthing measures and filtering of the low-voltage mains input. 

D.3. 2 Sources of noise 

Basically there are two different kinds of noise sources. 

D.3. 2.1 Sources in the non-energized test circuit 

These are caused for instance by switching m adjacent circuits. In case of conductive 
coupling they only occur if connection to the low-voltage mains supply is provided. In case of 
electromagnetic coupling they also occur if the mains supply is switched off (including the 
protective conductor). 

D.3. 2. 2 Sources in the energized test circuit 

Usually, noise increases with the test voltage and is caused by partial discharges outside the 
test specimen. PD may occur in the test transformer, the high-voltage connecting leads, 
bushings and points of poor contact. Harmonrcs of the test voltage may also contribute to the 
noise level. 

D.3. 3 Measures for reduction of noise 

Noise caused by conductive coupling can be reduced by use of line filters in the central 
feeding of the test circuit. No earth loops should be present. 

Electromagnetic interference, for instance by radio signals, can be excluded in a simple 
manner by variation of the measuring frequency f^ for narrow-band PD meters. For wide-band 
PD meters, band-stop-filters may be required, wide-band signals can only be suppressed by 
screening. The highest efficiency is provided by a fully enclosed screen with high electrical 
conductivity. 
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D.4 Application of multiplying factors for test voltages 

The values of the multiplying factors defined in 4.1.2.4 and used in 3.3.3.2.3 and 4.1.2.4 are 
calculated as follows: 

D.4.1 Example 1 

Circuit connected to the low-voltage mains 

D.4. 1.1 Maximum recurring peak voltage L^rp 

t^rp=V2LfnXF4-1,lV2tyn 

D.4. 1.2 PD extinction voltage Uq (basic insulation) 

t;e=V2UnX 1,1 X 1,2 = 1,32 V2 Up 

D.4.1. 3 Initial value ot the PD test voltage U^ (basic insulation) 

U^=42U^xF^x F^x F2 

U^^42U^x 1,32 X 1,25 = XQS^llU^ 

D.4.2 Example 2 

Internal circuit with rnaximum recurring peak voltage L/pp. 

D.4.2. 1 PD extinction voltage U^ (basic insulation) 

Ue^UrpxF^ = tyrpx1,2 

D.4. 2. 2 Initial value of the PD test voltage (basic insulation) 

U^ - U^p X Fi X F2 = Urp X 1 ,5 
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Annex E 

(informative) 



Comparison of creepage distances specified in table 4 
and clearances in table A.1 




PD = pollution degree 



4 6 8 10^ 2 4 6 8 10' 



4 6 8 10^ 2 4 6 8 10* 



Voltage V (r.ins) ■ 



MG = material group 



PWM = printed wiring material 



Figure E.1 - Comparison of creepage distances specified in table 4 
and clearances in table A.1 
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